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Protect Yourself — with Foxboro 


PRESSURE - COMPENSATING 
Steam Flow Meters 


If the pressure of your steam lines fluctuates, your flow 
take 


when measuring rate of flow. For, *at 100 Ibs. pressure, 


re corde rs must those chang S into conside ration 
the flow reading change Ss 1% for a 2 lb. change in pres 
That’s a 5% 
it a flow of 14,000 Ibs. per hour, this means an error 
of 700 Ibs. each hour! Think also of thi 


error in integration. 


sure. error for only a 10-lb. change—and 


accumulative 


These errors are erased by the new Foxboro Pressure 
Compensating Steam Flow Meter. It has a re markably 
simple Automatic Compensator that corrects the posi 
tion of the flow pen when pressure changes occur and 
trust a 


bank on 


also prevents error in integration. You can 
Foxboro flow record and integrator reading 


them with confidence. 


The extra cost of Automatic Pressure Compensation is 
Write for complete 


nothing compared to the savings. 


cle tails today 


The FOXBORO CO., 46 Neponset Ave., FOXBORO, MASS., U. S.A. 
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NEW BULLETIN— 


New Bulletin 200 shows the complete lin: 
Flow Me ters 
rate of flow 


from the simplest, which r 
to a Meter with temperatu 
sure pens as well as the flow pen, Automat 
Direct-Reading Integrato 
cording Integrator Pen. Ask for your co) 
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INDUSTRIAL INSTRUMENTATIO! 


* 


They Differ in Design 
but 





poth are made of Bakelite Molded 


* 


HE TWO instruments shown 
here provide excellent exam- 
ples of the versatility of Bakelite 
Molded. Both the designer and the 
manufacturer recognize that the 
rich color and lustre of this mate- 
rial will emphasize the beauty of 
the forms which they have created. 
One, the Airguide, is of the mod- 
ern straight line school with a glossy 
black Bakelite Molded case accentu- 
ated by gleaming chromium plate. 
The other, a Motoco indoor-outdoor 


thermometer, is modeled along 





more conservative but equally 
pleasing lines, and the case for 
supporting both instruments is a 
single Bakelite Molded part. 

In addition to attractive appear- 
ance, Bakelite Molded has many 
other advantages to commend it 
to instrument manufacturers. It is 
light in weight but strong and dur- 
able. It possesses excellent thermal 
and electrical insulation character- 
canton a me istics. Its color and lustre are last- 
yo ow) ing, and it is resistant to moisture, 
a a heat and cold, oils, chemicals and 





most acids. 





We invite instrument manufae- 
turers to consult us about adapting 
Bakelite Materials to their individ- 
ual needs, and also to write for 


fir Guide with Bakelite Molded case. é Indoor-outdoor thermometer with Bakelite 

product of Fee and Stemwedel. Inc., our 18 page illustrated booklet 3 ‘ M. Volde d« ase, produc tof Voto MeterGau 

Chicago, Ill. “Bakelite Molded”. and Kquipme nt Co., Toledo, O 

BAKELITE CORPORATION, 247 Park Avenue, New York, N.Y........... 13 Bast Ohio Street, Chicago, II 

BAKELITE CORPORATION OF CANADA, LIMITED, 163 Dufferin Street. Toronto, Ontari« Canada 
caianass ty Saabs copedion bean te aond “F Ses oe poaen acd Seas vealed Goal, Coden guakall 
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EDITORIAL COMMENT 
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In This Issue 


F. J rburger “started something” 


he legved that most writers on 

shenomena use a wrong Rey 
~ Number (/nstruments, May 1934, 
Not only did authorities com 


e 8! 
ent (J 1934, page 132) but we re 
ved to publish a full-length “last 


i article on nothing but R. We later 


ra 

odified this resolution in view of the 
eycellence of the manuscripts submitted. 
Here at last is the result: a basic treat 


ent by R. W. Keith, and an advanced 

dist ussion by Ed S. Smith, Jr. 
Which, naturally, makes this issue the 
« in which to print the discussions of 
the famous Tuve & Sprenkle article on 
rifice discharge coefficients for viscous 
iquids. And what a galaxy of discussers! 

Next, methods of slip measurement are 
discussed by Prof. E. W. Schilling and 
H. Williamson, and a new one described. 

\ series on electrical telemetering sys 
tems (part of the Borden & Béhar hand 
hook) starts in this issue. It will include 
nany exclusive first-time descriptions. 

\ useful cart for factory electrical 
tests, and what it does, are reported by 
William Barbour. 

R. R. Batcher continues his Oscillog 
raphy series with complete data on elec 
trostatic deflection methods. 

Lots of New Instruments! 

(nd a whole library of Manufacturers’ 
New Literature. 


he front cover photograph shows the 
control board for the 4-hole Surface Com 
bustion one-way fired soaking pits, fired 
with natural gas, at the Allegheny Steel 
Co, Brackenridge, Pa. The complete op 
eration of the pits is controlled from this 
board. Draft, fuel and combustion air 
ire controlled by means of the hand 
wheels. Damper position is shown by the 
indicator immediately above the hand 
wheels, and gages indicate the amount of 
ras and fan air on each hole. The master 
panel in the center indicates and records 
the amount of fan air used by the entire 
battery. It also is equipped with an 
\skania automatic draft regulator com 
manding the main stack damper. Above 
the board is shown a hand winch permit- 
ting hand operation of the main stack 
d umper, 


The Inspection and Testing title-page 
photograph shows (artistically!) how re 
sistance of a finish to impact is measured 
it “Bell Labs” by slowly turning a coated 
pane! and subjecting it to successively 
harder blows by a steel ball. 





Motion and Time Study 
and Instrumentation 


ROPERLY applied by industrial engineers, motion and time 

studies benefit employer and employee. Costs are reduced, wag 

rates increased and comfort factors ameliorated. Yet in many 
industries “the man with the stop watch” suffers the hate of labor and 
the scorn of management. The man—seldom the stop watch; never 
impersonal automatic time re corde r 

Your editor has for vears invited rotten-egg showers by lecturing 
industrial engineers on the need of “applying time-study procedure t 
time-study procedures” in order to determine the One Best Way for 
one man to analyze the tasks of others; on the need of dev: loping a 
new branch of Instrumentation combining applications of psychology 
with the use of stop-watches and of specialized time recorders; on the 
need of training time study men to make the utmost use of present 
instruments, so that even more refined instruments can be developed 
calling for even greater skill. 

Beside a variety of modern stop-watches (each valuable in its way 
there are available numerous forms of automatic running-and-idle time 
recorders. These already have proved their worth on vehicle S, On na 
chines that vibrate, and where the opening and closing of circuits is 
made to correspond with time elements to be recorded. There are also 
printing type time recorders from the simple st ofhce model to the mar 
velous “Chronolog.”” There is the micromotion camera which sees all 
times all, cannot lie and pays for itself on standardized all-vear jobs 
There is the recording wattmeter, whose charts so often point out the 
“better way. (In fact, every tvpe of recorder can serve as a time 
operation recorder. ) 

At this point of our sermon we are usually told that these recorders 
were not developed for making “man-and-machine process charts 
that no recorders have been or are likely to be developed for this spx 
cific purpose. That is not so: several vears ago, beginnings were made 
in Germany by Dr. Poppelreuter (with his three-pen, spring moto 
chart-drive “Time Analyst’ which the time study man carries by a 
shoulder strap, his hands free to press the pen buttons and to write 
quick symbols on the moving chart) and here by the General Elect ris 
Co. (with its semi portable electrically operate d eight pen “Time Ana 
ly zer’’). A few months ago, Adelbert Ford, Professor of Psy hology in 
Lehigh University and time-study adviser to textile mills, designed a 
“featherweight” time recorder with five ke VS arrange d to fit the pattern 
of a man’s right-hand finger tips, producing five parallel records on a 
tape chart. This recorder can be ope rated effortlessly and (with prac 
tice) unconsciously. It represents the triple alliance we have been 
preaching—psychology plus industrial engineering plus Instrumenta 
tion—in the War on Waste; and we are happy to announce that Prof 
Ford has written an article for Instruments which will be published as 
soon as his instrument (now in the shop) can be photographed 

In our opinion this is only a beginning The time-study man of thi 
future will have been trained to operate twenty-pen or hundred-pen 
instruments producing analytical records of all that he sees when ob 
serving a task. Such records will constitute better “man-and-machine 
process charts” than are now made so laboriously without adequate 
Instrumentation. We have been told that such skill is unattainable. To 
which we answer: “What about playing the 84-key piano and the multi 

' 


keyboard-and-pedal grand organ?” There the argument rests, What 


do you think? 
M. FF. Beniar 
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TWO ARTICLES 
PRESENTING 
COMPLEMENTAL REMARKS ON 


How the Reynolds Number Origin:ted 
and How to Compute Its Value 


By RAFAEL W. KEITH* 


SBORNE REYNOLDS, the creator of the 

“Number” which bears his name, was the very 

personification of the well-rounded research mind. 
In addition to his work in fluid flow, he tackled innu 
merable other problems, and his technical papers cover 
fields that range from the development of means of 
keeping sewer gas out of houses to rather abstract dis 
sertations on the ultimate nature of things. 

Previous to Reynolds it had been discovered that the 
loss in head of a fluid flowing in a given pipe obeyed 
two different laws. Briefly stated these laws are: 

When the velocity is low, 


: lu 
loss in head is proportional to: — rane wns (lie 
dp 
When the Ve locity is high, l 2 
. . ; . v 
loss in head is proportional to: ——  ....... (II) 
d 


Now, this jump from one law to another—this finite 
discontinuity of mother nature—is precisely the sort of 
thing that sets research minds going. Wher Reynolds 
got loose on the problem, he developed a hunch to the 
effect that if the two foregoing laws were equated, some 
general criterion of fluid flow would result. On perform 
ing the suggested operation, the result was 

dup 

ie 
which expression is none other than R, the Reynolds 
Number ! 

Now, it remained to be shown that R was really a 
criterion of fluid flow. In this connection much experi 
mental work was done by Reynolds’ himself and later 
by Stanton and Pannell.* The data from many other ex- 
perimenters have been correlated by Kemler,*® and more 
recently Van der Pyl* has given us (through Instru 
ments) a summary of the latest data on the subject. In 
ill these papers, definite values of the friction coefficient 
f for use in the Darcy formula for loss in head 


Ah f . 
d 2q 
are given in the form of charts of f plotted against R. 
The finding of reliable values of f has therefore been 
boiled down to the calculation of the numerical value of 
the Reynolds Number, and the subsequent graphical 
conversion of R into f. 

Most writers on fluid flow have stated that if a con 
sistent system of units is used, the Reynolds Number 
will be dimensionless, and will therefore have the same 
numerical value regardless of the system of units used. 


"Ithaca, N. Y 
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BY TWO INVESTIGA 
FLUID FLO/J 
PHE! 





Unfortunately, most writers on fluid flow 
what they mean by a “consistent” system; « 
confusion has occurred in the choice of 
rest of this paper, the writer will attem) 
this situation. 

Any given system of units is ordinarily b 
fundamental and purely arbitrary conver 
these conventions derived units are obtain 
example, if the distance between two  sc1 
metal bar is taken as the basic unit of lengt! 
is (length)~ and volume is (length)”. Sin 
fraction of the mean day is taken as the ba 
time, then velocity is (length) /(time) and 
is (length) / (time) ?. 

On the choice of the third basic unit of 
there are two possibilities: either it is a unit 
else it is a unit of force. The difference is { 
A unit of mass is a definite portion of matt: 
been arbitrarily chosen to be such a unit. Wher 
that a body has unit mass, it is meant that 
is placed in one pan of a balance, and the 
in the other pan, then perfect counterpoising 
place (vacuum assumed). 

On the other hand, a unit of force is a 
push or pull. It is conceivably possible to fram 
ard for force that is not associated or d pend 
arbitrary portion of mass. For example, it n 
that the basic unit of force in a system is thi 
between two specified surfaces, in vacuo, al 


tance apart, one of which surfaces has been 





NOTATION 


d diameter of the pipe. (See Table I for 






l length of the pipe (Same units as d) 

v average velocity of flow. (Table I 

p — density of the fluid flowing (‘Table I 

u = absolute viscosity of the fluid flowing. 

Ah loss in head of the fluid flowing. (exp: 

difference in elevation. Same units 
dandl 

f friction coefficient. A dimensionless col 


merically equal to the fraction of the vel 
lost for each diameter length of pipe. 
gq — acceleration that a freely falling bod) 
due to the attraction of the earth. Its 
value in any consistent system of units 
as the force with which the earth attra 
of mass of the system. 












electricity by rubbing in a specified man 


ts fur. 


r with 

Now the basic units of a system are length, mass, 

1 time, then force can be expressed in terms of the 
ant 


Basic un and in this case, force is a derived unit. 
hesic. tl : 
f the basic units are length, force, and time, 


S Likewise 
on mass is a derived unit. 
POSTULATES 
In order that a given system of units be dynamically 


two conditions must be fulfilled: 


insistent, 
1) The density of a substance must be expressed as 
ratio of mass to unit volume; or in other words: 
wass)/ (Jength)*. 

9) The unit of force in the system must be defined on 
she basis of the push required to give a unit of accelera 
tion to a unit of mas» of the system. Mathematically 

is condition is expressed as follows: 
(mass) (acceleration 
= (mass) (length) / (time ) 
As a practical example, consider the Absolute Eng 
ish System; also called at times the “Gravitational Sys 
em.” Here the unit of length is the foot. The unit of 
mass is a chunk of matter called the pound. The unit of 


rorce 


time is the second. 

To be dynamically consistent, density is pounds per 
bic foot; and force is in (pounds) (feet) /(second)*. A 
is called 


push or pull of one (pound) (foot) / (second) 
by the British a “poundal” and for purposes of visual 
sation it may be added that such a push or pull is 
losely 1/32.2 of the force with which the earth at 
tracts a pound of mass. (32.1740 is the standard. ) 

Consider next the American Engineers’ System. Here 
he foot is used for the basic unit of length, and the sec 
ond for the basie unit of time. When dealing with forces, 
everyone is accustomed to use the pull with which the 
earth attracts the standard pound as the basic unit of 
force. Now, to be dynamically consistent, the unit of 
mass must then be of such proportions as to acquire a 
nit of acceleration when acted upon by a force of one 
pound, Such a chunk of matter is called a “‘slug’’ and also 
i ‘geepound” (Ref. 6, page 73). For purposes of visual 
zation, it may be added that one slug of mass weighs 
lose to 82.2 pounds, or about a third of the weight of 
nm ordinary bag of Portland cement. 

In this paper the basic units of the American Engi 
ers’ System are considered to be: feet for Ik neth, slugs 
for mass, and seconds for time.t 

Now, in order to be dynamically consistent, density 
must be expressed as slugs per cubic foot, and force is 
unit which in terms of the basic units 
becomes: (slugs) (feet)/(second)*. In other words, a 
pull of one (slug) (foot)/(second)? is the same as the 
pull with which the earth attracts the standard pound. 

In the Metric ¢.g.s. System, the basic units for length, 
mass and time, are respectively centimeters, grams and 
seconds. The unit of force is called the dyne, and this in 


the na deri ed 


terms of the basic units is expressed as (grams) (cen 


(second)*. For purposes of visualization it 
need only be remembered that a force of one dyne is 
equal to 1/980 of the force with which the earth at 
mass of one gram. The factor is 
1/980 instead of 1/82.2 because 980 centimeters ré p 
resent the same length as 32.2 feet. 


timeters ) 


tracte «4 ; 
racts a numerical 














tIf o should want to consider the basic units of the Am 
ineers’ System to be: feet for length, pounds for force, and secon 
time, then mass is a derived unit expressed dimensionally < 
Pree 8 ec.)2/(ft.). Density must then be expressed a It ‘ 7 
- )2/(ft ) 4, Numerically it is the same to say that a su ance ha 
4 density of one (Ib. force) (sec.)2/(ft.)4 as to say that it has a 
pd of one slug per cubic foot. An interesting discussion on the 
m of “force” versus “‘mass” as a basic unit is contained R 





When substituting actual numerical values in the ex 


pression for the Reynolds Number, the term absolute 


viscosity is encountered. We can now consider how this 
property of matter is expressed in terms of the basic 


units. 


/ } 


By definition, the absolute viscosity of a fluid is the 


force required to pull a plate of unit area at a unit velox 


ity, parallel to and at a unit distance from a large plate 


the space between both plates being full of the fluid. As 











vu =V y plale 
> 
is 
i ¥ 
rp ob F 
a ae an > 
bi A 
os, of 
Fig. 1 
can be seen, ibsolute VISCOSILY IS A measure ol thre shi ir 
ine resistance of a fluid. This definition is illustrated by 
lig. 1, from which it is easy to infer that force FF d 


area of the plate 4, on the velocity 


pe nds dire tly on the ' 
of the fluid; also that 


v, and on the absolute viscosity 


force F de pe nds Inverse ly on the dist ATC « h between thie 
plate s. Therefore, absolute viscosity can be define d 
mathematically, by an equation: 
Fh 
17 
As to the units of absolute viscositv, consider tor ex 


ample thre Absolute english svstem [ sing poundals for 
| 


force, square feet for area, feet per second for velocity 
and feet for the distance between the plates, the result 
ant units are found to be poundals second per square 
foot. Similarly, in the American System, using pounds 
for force, the resultant units are: pounds second per 
square foot. And in the Metric ¢.g.s. System the unit 
are: dynes-second per square centimeter. 

In ene ral, the units of absolute viscosity as obtained 
from the definition are in the form: force-time per unit 
trea. Now, we are dealing with systems of nil vhose 
basic units are length, mass, and time therefore, foree 
is a derived unit, and in order to express viscosity ex 
clusive ly in terms of the fundamental units it ree 
sarv to use the second postulate tor con term 

In the Absolute J nelish Svstem, one pounda! rep 
sents the same pull as. one pound fool per | 
squared. In the American System, one pound of forces 
represents the same pull as. one lug-foot per second 
squared, In the Metric e.g.s. System one dvne 
same as one gram-centimeter per second squared 

When force is expre ssed in rm if ba ! na 
the result is substit ted in the pres ouslv found d 
sional equation for absolute viscosity if yuna il ! 
the English System, the units of absolut cOsity 
pounds per feet second. In the American System lug 
per feet-second. In the c.g.s. grams \» entinne 
second. In other words, when absolute co 
pressed exclusive ly in terms of the basi ni n 
the form of: mass per length-time. 

It can now be shown that anv system of ! rie 
ing the two initial postulates vill vive 1 dime mile 
teynolds number: 
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rPABLE I—-SUMMARY 


OF 


Nami Basic Units Dimensional 
of equivalents ot 
r) stem “force” 
Mass Length Time 
Absolute : pound foot 
i pounds feet seconds poundal 
] nglish =e 9 
(second ) 2 
American slug-foot 
: slugs feet seconds pound 
| nyineers > 
(second) 2 
Metric #.-Cih 
: grams cm. seconds dyne 
oe CRS: , . 
(second) 2 
German kg.-meter 
kilograms meters hours 


Engineer's (hour)? 


CONSISTENT 


Consistent unit 


VISCOSI 


Absolute 


pound ils secon 
(feet) * 

pounds-second 
(feet) - 

dynes-second 
(cm.) * 


Poises 


UNITS 


Ss for dime 


Fl 

ty be 
1% 

| pounds 


feet-second 


slugs 
feet-second 
grams 


cm.-second 
Centipoises 


100 


kilograms 


meter 


10° of the force with which the earth attracts a 


TABL 


Given 


A force in 


pounds 


\ poundal is 1/32.2 of the torce with which the earth attracts a mass of one pound. 
A slug may be defined as the mass of 32.2 standard pounds. 
A dyne is 1/980 of the force with which the earth attracts a mass of one gram. 
A German kg.-meter/(hour)? is 1/127.4 
R dup (diameter) (velocity) (density 
p ; tac sancs 
ul (absolute viscosity 
| length (mass ) 
(length - 
time length 
] 
(Mass ) 


(length) (time ) 


The discussion has so far taken up what philosophers 
would call the epistemological aspect of the problem. 
That is, we have considered the origin, source, and valid 
ity of the units that should be substituted in the expres 
sion for the Reynolds number. But engineers are 
interested less in philosophy than in quick ways of 
achieving results. For this reason, two tables have been 
prepared, which it is hoped will be of value to those 
interested in fluid metering. Table I gives a summary of 
the units now in use. They have been arranged in con 
sistent groups and are ready for immediate use. ‘lable 
Il gives some of the more current reduction factors. 

The Reynolds number must be based on absolute vis 
cosity as defined previously (Fig. 1). Sometimes, how 
ever, viscosity is expressed in other ways, as for ex 
ample: (1) relative viscosity, (2) kinematic viscosity, 
(8) Saybolt viscosity. It is of course important to be 
able to reduce these viscosities to absolute viscosity. 

(1) Relative viscosity is the ratio of the absolute vis- 
cosity of the fluid to the absolute viscosity of water 
under a previously agreed condition of temperature. 
Relative viscosity is therefore a dimensionless magni 
tude that has the same numerical value regardless of the 
system of units used. One must, however, be careful in 
knowing just what is the temperature of the water that 
is taken as a standard. In this country, Daugherty’ and 
others use 20°C. or 68°F. as the standard. At this tem- 
perature the absolute viscosity of water expressed in 
centipoises** is close to unity (Ref. 7); and therefore, 
in this case, relative viscosity is the same numer:cally 
as absolute viscosity in centipoises. On the other hand, 
Ref. 8 gives tables of relative viscosity which are based 


**A centipoise is one hundredth of a poise. Poise is the name for 
the unit of absolute viscosity in the Metric c.g.s. System. In terms of 
the basic units, one poise equals one gram per centimeter-second 
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A mass in 


pounds 


A length in 
feet 


A density in 
Ibs. /cu. ft. 


An absolute 
viscosity in 
poises 
dyne-second 
per square 
centimeter or 
grams per 
cem.-sec. 


on water at 0 


C. or 82 


hour 


E Il 
multiply by 


32.2 


444,000. 


57,700,000, 


0.0311 
0.454 


0.0311 
0.0160 
16.0 


100. 


0.0672 


0.00209 


360. 


nsionl 


mass of 


CONVERSION F 


Re vno 


Diameter \ 


d 
feet 
feet 
em 
meters = 
h 
one kg 
ACTO! 
resu 


A force in pot 
A force in dy 
A force in kg-1 


A mass in slug 
A mass in kilog 
\ mass in gran 


\ length in cent 
\ length in met 


\ density in s 
A density in gr 
\ density in kil 


An absolute vis 
centipoises 

An absolute vis 
Absolute Eng 
poundal-sec 
pounds feet-s« 

An absolute vis 
American Eng 
tem. (Not uss 
tice) pounds-s 
slugs/feet-se« 

An absolute vis¢ 
German Engine 
kilograms /mete 


F. According to Ref. 7 


lute viscosity of water at this temperature is | 
tipoises. For this case, relative viscosity is n 


equal to centipoises divided by 1.7921. 


(2) 


Kinematic viscosity, by definition, is 


t] 


absolute viscosity to the density of the fluid 
same conditions of temperature. In general, t! 
kinematic viscosity are length squared per 

Inasmuch as both the English and American s) 
fect for length and seconds for time, the unit 
merical value are the same in both systems 


matic viscosity is designated by the symbol 


Reynolds numt 


ver becomes: 


dv y 


which also is dimensionless since by definition 


(Continued 














Alternative Forms of the Reynolds Number 


By ED S. SMITH, JR.* 


JUESTIONABLY, the Reynolds number in 
" form vd /v should be retained in publications 
the standard basis for correlating data on 
coeficients, for ease of comparison with the 


4 i 
we of cessible data already so published. 

Alternative forms, especially those involving only 
known values, are more convenient in applying coeftti 
‘ents when using a manometer or recorder showing the 


jiferential pressure P as head of the manometric liquid 
or in inches of water) or as the square root of this dif 
uncorrected for coefficient changes. (It general 
y is impracticable to measure the differential pressure P 
the head H of the flowing fluid itself. ) 
“Starting with the Reynolds number 


d 


Vv 


ferential 


cal 


hese alternative operators are, progressively, since the 
oeficient C is a function of the Reynolds number, 





Ce 
ZC ») 
V 29H | 
Dp a 
as d ° 3 
\ p 1 
Re an ae 
ind ( : (4 
p 1 
rr, omitting the to-be-determined coefficient C, 
Pld 
5 
pP Vv 
ind for square-root recorders 
yd , 
e ( 
Vp 3 
ais i P | pd | 
Again, from (5), 7 
pP it 
Pp | (8) 
ph 
ir, for square-root recorders, 
‘Pe 
( \ Pp +2] 
d 
10 


or iat 
t \ Pp " 
By 1923, there had already been considerable use in 
Q dh 1] 
volume-rate of flow, 
diameter of pipe, and 
»(em~/sec) kinematic viscosity. 
Oil venturi meter coefficients were plotted on this basis 
by the writer in his 1923 A.S.M.E. paper. The kin 
matie viscosity v is most conveniently used for liquids 
since it is found directly from the viscosimeter reading 
n Saybolt seconds. The kinematic viscosity v of a liquid 
does not change appreciably with ordinary pressure 
hanges, and generally varies with temperature in a we I] 


the oil industry of 
where Q (gallons minute ) 
d (inches ) 


Known manner, 


In Appendix V of his 1925 I.C.F. paper*® John L. 


Hodgson gives “The Relation Between the Viscosits 


Effect and the Other Factors Affecting Flow” as follows: 


Hy lraulic Engineer, Builders Iron Foundry, Provider R. I 

fa 5. Smith, Jr. [The Oil Venturi Meter. Paper N 357 
ransactions, Vol. 45, 1923, pages 67-75. 
ona L Hodgson. The Orifice as a Basis of Flow-M | 
oe tion of Civil Engineers. Selected Engineering P r No. 31 (P 
“a thout discussion), 1925, 23 page 


it can be shown that for | quid flows general re 


for any particular value of the diameter ratio can be 

expressed by plotting the relation between the coet 

and Pp (dp 8 
In the commercial metering of steam and gases 

use has been justly made of Wed 

where JV is the mass-rate of flow. The customary use of 


the volume-rate under standard conditions with gases is 


merely another wav of stating the mass-rate of flow. Th 
absolute viscosity «is most convenient to use with ise 
since it changes inappreciably with pressure and slight 


lv. in a known manner, with temperatur 
In the 1930 Foxboro book “Flow Meter | ngineerimg 
page 160), Leland K. Spink, 


states that “Provided flowing t: mperature ind roughness 
from. thr 


, i 
in discussing gas meters, 


of pipe remain constant, viscosity deviations 


flow formula on each ratio of orifice to pipe diameter 


nay be plotted against ( Pp ad 4 
or any function thereof.’ 

In his 19382 Forschung paper on the flow 
Nusselt used Odquist S operators as a 


of ga 


through orifices, 
basis for coethcients. The writer. in discussing Nusselt’s 
paper, pointed out’ that the use of Odquist’s operators 
was not rational from a physical standpoint. In_ his 
closure’ Nusselt proposed, for liquids, the replacement 
of the Reynolds number by \ Po(d 10 
In 1934, A. Hollander plotted nozzle coefficients for 
acceptance tests of centrifugal pumps tor liquids ipon 
substantially this same basis (10) that uses only known 
numbers. 

A discussion of the effect of omitting the coefficient 


writer recent 


from its plotting basis occurs in’ the 


V-Notch Weir for Hot 


A.S.M.E. paper’ on “The 
Water,” which presents an alternative form of Reynolds 
number suitable for use with weirs. This form was made 


practical only by the omission of the coefficient from 
its plotting basis. 
Similarly, for graduating gaseous fluid meters, the 


expansion factor Y may conveniently be plotted against 
woustiu 


a function of the quantity rate inste id of the 
ratio: (P/P k, where P P, is the ratio of differential 


to total pressure and k is the specifi heat ratio 

The safest procedure is to publish ill data on the 
standard Reynolds number basis using the inlet cond 
tions unless otherwise spe cified. Then it is a miprle it 
ter for any reader familiar with the subject to convert 
these values into the forms (5 ind (6 ng tl 
kinematic viscosity v, for liquids, o form 5 ind ( 10 
using the ibsolute viscosity . tor gases \\ n ft 
reader is not well enough Acqua nted with j I 
sions to make them re idily, it seems to th ‘ t t 
confusion must result from the reader's att pts t 
oncile data from various sources correlated po 1 
ferent forms. Although the writer has made infor 
of these alternative forms since 1923, and oft f { 
them convenient. still he is increasingly, ) need t 
the general use of a single, standard form t I 


17 ; 


nolds number is most des rable ill publ 


flow Irie ter coe {Tic ients. 
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Orifice Coefficients 
DISCUSSIONS 


of Article by G. L. TUVE and R. E. SPRENKLE in 
Instruments, November 1933, pages 201-206. 





AUTHORS’ CLOSURE will appear in next issue. 





By ED S. SMITH, JR.* 


N artistic and useful correlation of data has been made 
in graphical form by the authors. The writer herein pre 
sents** a formula that may prove useful in providing a 

mathematical expression of the same data. A brief discussion 
of the state of the art of metering flow with orifices is also 
presented, as is another covering the practical use of meters 
ind their correction factors. 
FORMULA 

The viscosity correction for orifices at Reynolds numbers 
a of 100 to 10,000 closely follows a skewed probability 
curve, i.é one having tilted ordinates, when plotted against 
this Reynolds number on log-log paper, ind consequently may 


he empirically expressed is follows: 


y a/log-1( ba") (1) 

ind y log log Cy, Z 
where 

/ viscosity correction (log) of cor thicient 

( coetticient 

Co coefficient approached at high Reynolds numbers 

do orifice diameter 

dl pipe diameter ; 

Rs» Reynolds number (log) based on conditions at do 

R base Reynolds number log) corresponding with 


skewed ordinate passing through maximum coefficient, 
ixis of symmetry 
departure (log) of skewed ordinate from Ro 

For do/d, = 0.5, the ordinate need not be skewed for sufh 


cient accuracy and so 


Ro = Ro 3) 


Ro Ro x 2y (4) 


2 coefficient slope at low 


Revno!lds numbers, and 


a, 6b, n are constants depending on the “shape” do/d, 
Hydr Engineer of Builders Iron Foundry, Providence, R. I 
Present t the sessior A.S.M.E. Special Research Con 
M 3 Ant \.S.M.E. Meetir 
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Fig. 1 of Tuve & Sprenkle article (greatly reduced). 
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or Viscous 


; . » r : : 1] . 
From Fig. 1 of the Tuve-Sprenkle artic 
trative values are tabulated: 
rn ( 
it) | 7 
4 g 
>On 6. 
0.7890 0.78 
1.6152 0.60 


By plotting these, or similar, values agai 
correlation of data from various sources may‘ 
effort has been made to adjust the above tab 

























last column of which is shown on the write: 
smaller ratio orifices show even less depart 
0.7 ratio 

By 1 proper selection of the constants, the 
made to fit the curve exactly at a number of 
The axis of symmetry is first found by bisecting 
tween the two points on the curve at a gi 


value of Cy is next taken near the valu 
teynolds numbers on the graph (this is not « 
as the value approached at an infinite value 
number). The intersection of the skewed 
with the base coefficient Cy, gives the value of / 
constant a. Where x is unity, the value of cor 
mined. Then taking x equal to one-half, th« 
n is found. A weighted value mav be obtains 
1.5 or some other value. 7 
probability curve of the formula will agree « 


computing n at x 


data curve at four, or more, points, resultil 
tionally low probable error with this formula 

Calculations with this ‘formula are simple 
ward, requiring the use of only the familiar 
5-place logarithm table without interpolation 
with an error of 1%, which at present ap} 
than the experimental error. Although the 
graphical methods in using coefficient data, 


formula may be useful in the preparation of 
tables 

At Reynolds numbers lower than 100, the 
iway from the probability curve and appro 
line on log-log paper having the same slope 
which the ordinate has been skewed in the 
Hence, the writer’s formula should not be us 
nolds numbers of 100. 
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L0G. OF REYNOLDS’ NUMBER 
Fig. IA. Exampce of Use of FoRMULA y=a/log 





Y lids 


PRENKLE 


“ 
4, 
n 





Sanaccuracy 1 


q paper 





Reynolds numbers, with rough pipes, the coetti 


E . mr : flat at a value that may, or may not, agree with 
an ise coefticient Cy of the formula. If it agrees, then 
’ - may fit the data fairly closely. More data are 
4 ae iis region than were presented in the paper dis 
; ed. However, such data are probably now available, or 
= Mis ith pipes at the higher Reynolds numbers, the 
- on the above basis, may be plotted on semi-log 
- t the corresponding values of x and found to be 
} ball ine for a given diameter ratio. ‘The writer recom 
eae tl the skewed probability curve be used up to 2 l 
end that above semi-log basis be used for all higher values 


TT, she Revnolds number. ‘Vhis method avoids any appreciable 


joining data from other sources with those of 
under discussion. 

With smooth pipes at very high Reynolds numbers, Dr 
Buckingham observed that the coetticient may be plotted 
the reciprocal of the Reynolds number to give a prac 


against , Wiig : 
tically straight line. This has the obvious advantages of sim 
© ity ind some physical meaning, since the effects of viscosity 


s compared directly with the viscosity that now appears in 
numerator of the abscissa. However, the line is strongly 
curved in the region covered by ‘Tuve’s and Sprenkle’s article. 
Vor that region, the formula proposed by the writer appears 


thie 


to be the more useful. 

[he skewed probability curve formula has been presented by 

writer as a first step toward a more comprehensive solu 
tion. He discussed it in its formative stages with Drs. Buck 
cham and Young and their stimulating interest is gratefully 
knowledged. Although a tilted, damped harmonic curve fits 
the data better at Reynolds numbers below 100, the formuta 
presented above is easier to use and gives higher accuracy at 
the more commonly used, higher Reynolds numbers. Incidental 
in regard to Fig. 1, the coefficient lines on the semi-log 
ner used in Fig. 1 should be curved instead of straight at 
very low Reynolds numbers, which they would be on log-log 


the 


naner.2, 7 
CORRECTION FOR KINEMATIC ViSCOSITY 

For metering oils, it is convenient to use the kinematic vis 
cosity since this is readily obtained from the usual viscosimeter 
tine and also avoids the inevitable question as to whether mass 
or force units are involved. ‘The kinematic viscosity of water 

68°F. (20°C.) is 0.010 em.2/sec., or, dividing by 929 (the 
number of square centimeters in a square foot) is 0.,0000108 
tt.-/sec, 

In one form or another, the Reynolds number remains the 
best operator for the correlation of coefficient data. However, 
for use with commercial meters, the correction is most simply 

itted on a graph based upon the Reynolds number using the 

licated, instead of the actual, rate. ‘This practical method is 
correct and involves only known quantities. ‘The accompany 
ing Fig. 5A shows such a graph having the same purpose as 
that of Fig. 5 of the article being discussed. Fig. 5A is suit 
le for use with a Chronoflo, or other, orifice meter having 
cam that corrects for the coefficient variation at the various 
rates within the range of the meter at the kinematic viscosity 
normally existing in service. 

While it admittedly requires extra expense in calibrating, 
or graduating, such a meter at the factory, still the meter re 
quires no correction at the various rates used under ordinary 
conditions. Further it will be noted that practically the sane 
mount of correction is required at the various operating rate 
for any given temperature, with its accompanying kinematic 
viscosity—except for the lowest of the rates. Even at the lov 
est rate, the correction is but a fraction of that for the meter 
of Fig. 5 that is graduated to have a true square-root cam 
Herschel Standard Venturi Tubes used with registers having 
special cams correcting for coefficient variation with rate have 
proved accurate on pipe line service with crude oils requiring 
up to 19% viscosity correction. 1932 and 1933 routine opera 
tion tests on such meters show, based on tank gagings: 


Average agreement within 0.58% 

" (algebraic) agreement within 0.07% 
Max. individual disagreement 1.96% 
Min. si 9 0.006% 


150, acceptance tests averaged within several tenths of one 
percent. The above standard Venturi tubes have shown ex 
cellent performance in extended use on oils containing paraffin 
Combined density and coefficient corrections are not gener 
ally safe to make up, on account of the likelihood of error 
he Writer greatly prefers, as the result of more than fifteen 
S experience in metering viscous fluids with both Ven 
irl and orifice meters, to use entirely separate graphs for 
nd coefficient corrections, since the coefficient varies 
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fia. SA FXAMPLE OF CORRECTION FACTOR Rb y. DENSITY And /NDICATED Fiow Rare 
with different ratio Also, the correction for density 1 
plied in one way where the flow rate is it illons per minut 
ind in another where it is in pounds per hour. [It is detinite 
unsafe to rely on combined graphs such as Fig ) dad SA, 
since mistakes are certain to occur over veriod of inne 
GENERAI 
It might ippear from a casual reading of the rticle bet 
discussed that ‘Tuve and Sprenkle were the first to establi 
that orifice coefticients may be related to the Reynold 
ber. ‘That this is not a correct impre ion mav be establishes 
by reading the ippended reference relatin to thi [ 1a 
cle veloping irt The contribution of the article discussed 1 
the direction of obtaining a lightly reater accuracy t 
is previously obtainable from: the tests of llodgson, Dat 
erty, Witte and others, or rather in making more certair { 
the data from such divergent soures md ouper ol 
different de wens, ip ple s to the orifice now in commercia 
in this country 
Straightening vane should be used ith all th mete 
Revnolds numbers of less than £000 on account ft the re 
tively non-uniform velocity distribution there 
The fundamental idea of “corre pondence rf 
been understood alike by various workers in this tr Lhe 
( flicient may be said ab he related vith’ ol ta rre 
vith” the Revnolds number in both the iscor ! rhvule 
flow regimes, ind even where the coefficient 1 flat t higl 
Reynolds number It does not mean that the coetheirent 4 
nece irilv * ry vith’ the Reynolds number, but mere 
if can be plotted ivainst the Revnold number na ‘ 
inwle ilue of the coethicient for each of the Rey 
number. Interesting use has been made of this basic principle 
by the vriter In obtaining operator for ¢ retatit ‘ ! 
tactor of ga orifice meter a 1N¢ it { I if el 
for hot water ind light oil 
The writer offers the ne formit ! 
hope that its pubheation vill Stimulate others t ! 
more comprehensive Torn 
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By W. H. CARSON* and H. J. EVANS? 


Hk School of Mechanical Engineering, University of 
| Oklahoma, is cooperating with the rese irch sub-committee 

of the American Society of Mechanical Engineers in 
investigating the ch tracteristics of fluid flow for viscous liquids 
While the test work has actually begun, there are not enough 
data available to be used in a comparative manner The first 
test runs are being made on a section of 4” pipe \ comparison 
of the coefficients with the different Reynolds numbers for 
this size line, and the sizes used by the authors of the article, 


ould be extremely interesting 


There certainly can be no question about the accuracy of 


the results given in the article, since the various test run 
vere repe ited and like data obtained. There are some points 
that might be cleared up through discussion about the set-up 
of apparatus and methods of obtaining data. In Fig. 2, an 
orifice flange with vena contracta and corner connections is 
shown. The method of drilling through the flange would not 
be satisfactory, for in most cases there would be leakaygw 
through the threads. For this type of connection it would be 
necessary to use a filler. The objectionable part of the filler 
is that there is a possibility of the joint not being flush with 
the remainder of the test section. This objectionable feature 
could be eliminated by careful manufacturing and doweling as 
shown. For the corner connections the annular space method 
vould seem to be more advisable as an average differential 
pressure would be obtained. 

There is one point that we have brought up on several occa 
sions when corner connections are used, and that is, that since 
other connections are arranged geometrically, depending on the 
pipe size, we believe that the thickness of the orifice plate at 
the gasket contact points should be some percentage of the 
pipe diameter. This should make the differential pressure 
readings taken across orifices in the different-sized lines pro 
portional In most set ups great care is taken to eliminate 
the roughness factor in the test section by using brass tubing 
both upstream and downstream. Then, to make a_ scientific 
investigation, a series of holes are drilled through the test 
ection. It is our belief that this will have some effect en the 
wccuracy of readings since the fluid passing through the orifice 
has a circular motion and at the point of vena contracta the 
fluid that is not in the direct line of flow is moving spirally 

The straightening vanes used were placed about 100 diam 
eters from the orifice; this is a much greater distance than is 
recommended in commercial practice. We are of opinion that 
if the vanes had been pl iced closer to the orifice, the turbulent 
ction would not have been as great and the value of coeffi 
cient would be different. We are wondering if the authors are 
planning to recommend the use of straightening vanes in 
commercial installations 

The same method was used for changing the viscosity ef oil 
as we plan to use here, that is, by heating. The exact tem 
perature range was not mentioned in the article. This is hardly 
necessary, however, since the change in orifice area is only 
ibout 0.5% for each 150°F. change in temperature 

No mention has been made as to whether a separating fluid 
was used in the manometers. With an open-end manometer 
this would hardly be necessary if the U tube was absolutely 
uniform throughout its length. The mercury level above zero 
could easily be read on the open end. There is one possible 
error in this case, however, and that is, would the oil recede 
when the differential decreased or would it fill in part of 
the space occupied by the mercury? 

With the set-up here at the University of Oklahoma we do 
not plan to weigh the oil during the run. Two 100-barrel 
tanks placed one above the other have been installed so that 
when conditions have become constant we can instantly shift 
the flow of oil from one tank to another through the use of 
air-actuated valves. At the end of a certain period the flow 
will be diverted to the other tank. The oil will then be 
leisurely weighed. 

From the curves that have been submitted by the authors 
it is plainly shown that the use of the Reynolds numbers is 
not altogether satisfactory. The method of obtaining coeffi 
cients as shown in Fig. 3 is to a certain extent a “cut and trv” 
proposition. This would be satisfactory in small installations 
such as where oil is to be used for processing purposes and the 
ipproximate quantity would be known. However, in pipe line 
use where the quantity varies, it would be necessary to use an 
iverage coefficient for Reynolds numbers between 100 and 
40,000. For Reynolds numbers about 40,000 the coefficient 
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eens to be independent on the Reynolds nu 
not for the disadvantage due to impractic 
diameters it would be advisable to operate 
yiving the higher Reynolds numbers. The 
certainly show that something is happening 
where Reynolds numbers are around 2,000, Thi 
is the authors have stated, the region in 
type of flow is taking place. 

The article shows the results of an admir 
ind we are sure that those of us who are pj 


test vill be greatly benefited through the 


By RONALD B. SMITH 


lik. authors are to be congratulated or 

interpolate their tests with the data of ot 

It remains now for the profession to ut 
posite curves by an intelligent application of 
similarity 

Unfortunately no single criterion of simil 
instance, the Reynolds number is a measure of 
larity, but purely dimensional reasoning sho 
geometric similarity is satisfied as weil, thi 
cients cannot be used with surety. Since orifice 
region frequently mean small phy sical dimer 
viscous fluids, the problem of exact geometric 
most difficult. In fact it is undoubtedly the cru 
question of tolerance. , 
For extremely thin orifices the flatness of 
a problem of considerable importance in thi 
one that is probably not realized generally 
strictly applicable Kerchoff’s analytical 
sharp edged slit offers a quantit itive estimate 
ness of this feature. The analy sis shows that th 
particle leaving the sharp ¢orner of a slit in fl 
writer’s Fig. 1) is defined in polar codrdinate 
wh, 


(] COS @) 


Zl 7 ty . 
/ [ sin 6 In tan ( ) , 
- 1 ~) ~4 


with the boundary condition that the width of 
equal to (7 2) 20/97 Equation (2) ipproach 


Al 


ly the value 2b/a, and gives the well-known r 


flow coefficient 


( 0.611 


_ » 


The character of the functions represented 






unaltered if a converging mouth of any lengt! 
the same profile as the free fluid path is added to { 
issuming that due to mechanical imperfection 
deformations the plate is no longer flat, but is 
manner shown in Fig. 2, it follows from (1) th 


of the flow coefficient may be represented by 
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Fig. 1. Path of a Free Stream Line Emerging fro: 
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Fig. 2. Influence of Orifice Plate Deflection « 


contracta. 









ie angular position corresponding to the coordi 


a y which locate the edge of the slit. The change in 
officit ( is represented by 
Cc* C 2(1 COs 6) 
AC 
C 7 2 cos 6 
{ 
4 
qT +- 2 cos 8 
mil iat the relations will not be markedly different fon 
an rifice, we find for a 3.” diameter: 
rt 
4 ia | yl ( 
» 0.0016 0.00028 O.S8626; 
+f 0.00112 0.00014 0.59 0% 
Kor all diaphragm it appears that a deviation of 0.0002 
in true flatness may increase the flow coefficient by as 
n as 75% 


Deflections of this extent are not unknown in very thin 
iphragms. For instance, a hydrostatic pressure difference of 
alt 2 |bs./in.2 produces an elastic deflection of 0.0002” at the 
ner edge of a 3%” brass orifice plate, 1/32” thick in a pipe 
¢ 11,” inside diameter. ‘Thus the problem may become of gen 
int importance, particularly in view of the fact that these 
roportions are about the same as used by Tuve and Sprenkle 


nly 


While rigid adherence to this analysis does not exist inas 
wh as the static deflection curve is not identical with the 
functions of equation (1), some effect will undoubtedly — be 
pparent in diaphragms as thin as those tested. Perhaps th 
ithors’ systematically high coefficients (in Fig. 7 of their 
rticle) for small diameter ratios may be explained on this 
basis. Certainly tests with thicker diaphragms, but in other 
pects geometrically similar, would be of intereste 


By C. E. LUCKE* 


n Pa 


WN veneral, it is ood t ee coetticient referred 
MW Reynolds number as the rime variable to bru 
In line with other types of data on flo that 
rate of flow and physical propertic f the tluiid 
It would be more orthodox desi ite the three fi 
is laminar, unstable, and turbu , Instead of vi 
ind turbulent. Also in) dealing ith eael uantit 
the Reynolds number dimensionte ! it is best 
to Keep all quantitic in absolute unit ny conver 
tein, ¢.2.5. OF Tt poundal, econa, hen analvzit 1! 
even though in the «¢ ec of e Rev nal Linnitye Uhh 
value is the same for any consistent em of i 
bles direct) comparison I ther screntitt ‘ 
Which sre reported Im abbsotute nit Wh ‘ 
ished a tinal working torn for engineerin re 
be obtained by a single tppheatior ft converst fi 
Phe upper and lower critical values of e Reynold 
between which the unstable me oof tle rate rT 
defined and identified by the re tion of ! 
Revnolds number, or the ratio of the oft ‘ 
velocity pressure pi 2 it ibsolute, or 7 4 Tt 
units. This ratio is the flow resi nee coethicn 
data of these tests it is possible to ple j it} ef 
the Reynolds number, and thi hould be done. | 
flow zones, the curve hould be different but one 
into the other as for Stanton curves of Kl Triction « 
When such a plot is made, other data on resistance « 
can be spotted on the siunnne sheet to che co iste 
Continued o 
( | 





ORIGIN and COMPUTATION 


If the Metric c.g.s. System is to be used consistently, 
then kinematic viscosity must be expressed as the ratio 
ibsolute viscosity in poises (or grams per cm.sec, 
)densitvy in grams per cubic centimeter. In portions of 
e literature (Refs. 5, 


is the ratio of centipoise viscosity to density in grams 


19) kinematic viscosity is given 


er cubie centimeter. This is done because its value is 
ise to unity for water at 68S I. 

3) Saybolt viscosity. In a large portion of the liter: 

, viscosities are given in Saybolt seconds. ‘This is a 
rely arbitrary means of expressing viscosity. ‘The ap 
aratus used in the measurement consists of a can will 
i short tube at the bottom. In operation, the time in sec 
mds required for 60 cubic centimeters of the liquid to 
ww out is reported as thi Say bolt viscosity. Since the 
ate of flow depends on both the absolute viscosity and 
he pressure head, and since pressure he ad iB a tunetion 
f the de nsity of the fluid, Saybolt viscosity is a func 
ion of kinematic viscosity. 

ror the new Savbolt viscometer, Hersche! 


O1VeES 


, : ; poises 1.8 
Kinematic viscosity 0.0022 t 
grams ce. f 
vhere t is the viscosity in Saybolt seconds. 

If viscosity is given in degrees Engler (German 
Redwood seconds (English), or in Barbey fluidity, then 
other methods of reduction must be used. Information 
m these matters can be found in Refs. 9, 14, 18. 


Ordinarily, numerical values of absolute viscosities 


f, ire more readily available in metric units than in Eng 
Slit sh units. Because of this. some writers advocate the 
ise of a mixture of English and metric in the expres 
sion for the Reynolds number. ‘The numerical value that 
»oreincte ‘ obtained for R is of course different from what would 


7 obtained if consistent units were used exclusively. 
The R used in plotting the charts of Refs. 5 and 19 has 
been calculated from the following choice of units: d 

nches, v feet /sec., p 
lo obtain the consistent value R from this hybrid RP, 


‘ e wultip) 


grams /cec., pu centipoises. 


the latter by 7750. It seems that considerable 


contusion 


for hybrid varieties of Le would 
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A Slip or Differential-speed Indica >; 


By E. W. SCHILLING* and H. WILLIAMSON? 


OR measuring small differences in speed—as for 
Frexamps that between synchronous and _ full-load 

speed of an induction motor—various schemes can 
be used. Probably the most common method of meas 
uring induction motor slip is by means of a stroboscopic 
disk and a neon lamp. This particular method is worth 
while as a means of illustrating the principle of the 
stroboscope but is not satisfactory for the accurate 
measurement of slip at loads much beyond 50°; of 
rated value. 

Another method, not quite so well known but much 
better, makes use of a differential gear system and a 
revolution counter,’ one end of the differential being 
driven by a small synchronous motor and the other by 
the machine whose slip is to be measured. This second 
method gives the average value of slip for the period 
of time covered by the count. (In the case of a brake 
test the average slip may differ from the slip corre 
sponding to a certain load. 

A device consisting of a commutator having the same 
number of segments as the motor has poles~ and con 
nected through a resistance to one phase of the power 
supply and to a d.-c. ammeter has been used. If the 
motor whose slip is to be measured runs at synchronous 
speed the impulses of current measured by the am 
meter would always be at the same point on the alter 
nating e.m.f. wave, and the reading would be constant. 
When the rotor speed is less than that of the synchron 
ous field the impulses occur at different values of the 
current and the needle swings at the frequency of the 
currents in the rotor circuit. The slip is found by count 
ing the swings per minute. Frequently a polarized bell 
is used in place of the ammeter. This method has the 
disadvantage that it is difficult to count the swings for 
high values of slip. The rubber tip of the device is 
often pressed against the shaft instead of using a posi 
tive connection. This may introduce a large error due 
to imperfect contact. 

Two of the methods already described have been 
objectionable because of difficulty of counting at high 
values of slip. A device*® which makes it possible to read 
high values of slip as easily and accurately as the lower 
values makes use of a hardened conical drum directly 
connected to the motor being tested. A wheel making 
contact with the drum is mounted on a screw carriage 
which is parallel to the face of the drum. By turning a 
small hand crank the wheel can be moved along the 
surface of the drum. When the wheel makes contact at 
the point where the diameter of the drum is equal to 
that of the wheel it will run at the same speed as the 
drum and motor shaft. Attached to the wheel shaft is a 
small stroboscopic disk having the same number of white 
sectors as the motor has poles. A neon lamp is used 
with it in the usual manner. It is not necessary to do 
any counting: the speed of the disk is adjusted by turn 
ing the hand wheel until the disk appears to stand still. 
The slip is then read directly off a scale parallel to the 
carriage. This provides a highly accurate method of 
measuring slip, but is fairly expensive to construct 


requiring fine workmanship—and the friction drive be 
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tween the drum and wheel may introd 
(Slippage is reduced by using a whee! 
contact, and the contact is maintained | 
light spring. ) 

The method of measuring slip to be des 
following advantages: 
(1) It gives instantaneous values of slip. 
(2) No revolutions to count; less opportu 
3) Many plant, commercial and colleg: 

have all the necessary equipment for 
(4) Practically no equipment is tied up 

prohibiting its use for other purposes 

The direct-reading slip meter uses two 
ometer magnetos and an ordinary millivolt 
a 0-50 range. The schematic diagram of 
shown in the figure. One magneto is driy 
chronous motor and the other by the motor |} 
Their voltages are balanced against each ot 
chronous speed. Any difference in speed y 


current to flow, giving a reading on the n 


— 


Induction 
c | 
~ . j— 
motor —~ 
YY ed 
Weston 
tachometer 
to 
magneto Milhvoltmeter 
c + 
Synchronous 
c + '— 
motor 
) Weston 
tachometer Choke 
magneto cc u 
= 
oo 
9 


By adjusting the resistance of the choke 
cator can be made direct-reading in r.p.m 
key is inserted in the circuit to prevent burr 
the millivoltmeter due to improper polarity 
netos. The 25-volt voltmeter should read ze1 
two magnetos are running at the same speed 
on the voltmeter indicates that the polarity 
netos is reversed. The choke coil is for the 
introducing damping into the millivoltmeter « 

The key, voltmeter, choke coil, and six bit 
are permanently mounted on a 6°x12” oak 
permanent wiring is done on the bottom of 
Before and after each test the instrument is 
driving both magnetos off the common shaft 
h.-p. synchronous motor. 

The results are highly satisfactory. Re 
obtained with extreme rapidity and the utm 
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+f ‘lelemetering and é 
Totalizing 


By PERRY A. BORDEN} and M. F. BEHAR** 








Accurately 
| Guide and Regulate 
, Process Operations 


1. The Essentials of Telemetering Systems. 





Multi-Pointer Gages for indicating 


factors such as draft, pressure, temperature 
The branch of Electrical Instrumentation to be treated in these articles may and speed. These gages are available with 
described briefly as indicating, recording or integrating electrical or non 
sctrical magnitudes “at a distance by electrical translating means”-—to quot aia, Aiea diets Hie teas Biel 
‘rom the A.LE.E.-A.S.A. Report on Proposed American Standard Definitions ¥ hells 


1 ‘ mechanisms may oil- sealed 
{ Flectrical Terms. Telemetering is much more than that, however. Libera 
nterpreted, the wording quoted would admit practically all electrical instru 


any number of pointers and any scale com 


diaphragms. 











nts, whether the meaning of “translating” be “converting” or “transmit 
ing” or even both. 
4 Example, a thermoelectric pyrometer wherein temperature is converted into electri 
ive force and wherein electricity is used to indicate or record at a distances vhere 
( efore, temperature is indicated or recorded at a distance by electrical 
| There follows in the Report a somewhat tighter definition, 
Telemeter. A telemeter is the complete measuring, transmitting and r 
ratus for indicating, recording or integrating at a distance by el 
: ; Multi-Pointer Gage 
ich lays down an additional stipulation, namely, that an apparatus and 
not a relatively simple instrument is denoted. In view of the importance of Boiler Meters for recording combustion 
ctrical telemetering in every modernized industry, there is more at issu conditions and guiding boiler operators 
ina quibble over words. This definition should be interpreted with utmost Flow M 
trictness by engineers concerned with equipment specifications. An essential ow Meters for 
® feature of telemetering, as distinguished from mere measurement at a distan indicating, record- 
s suggested by the order of the words “measuring, transmitting and receiv ‘ng and integrating 
ng.” It is proper, we believe, to read into it an implicit stipulation that th the flow of steam, 
paratus must perform the functions of (1) measuring, (2) transmitting and warer, sewage, alr, 
(3) receiving, separately and in the order given gas and other fluids, 
What distinguishes telemetering (whether electrical or other) from mer Recorders for 
no measurement at a distance is conversion at the point oJ medsurement— th O1 temperature, pres 
version of an already measured magnitude into one which is readily trai sure, draft, speed 
ae » muittable. and other factors. Recorder-Controller 
Naga If it were not so, we would have to include any ordinary switchboar 
th . eter (which of course is capable of indicating in Chi ago the frequer Or al Granular Material Meters 
S nerator in New York if connected therewith); or a radio-frequency meter (wl { anima’ 
indicate the frequency of a station at the antipodes) ee 
TI 1 the flow of coal or other 
we conversion must be performed in the transmitting apparatu ' 
ng pos sain . 2 granular materials in gray 
5 | system—at the point of measurement. The transmitter proper does not per :§ ; “sae 
{ \ ~ - ; . ° 
ra. A { ale , ity chutes from overheas 
: form a measuring function. Its dual function is to (1) convert the result of ss ; 
; “ a er ; , bunkers. The total : 
in antecedent measurement into a “message” which can readily be sent and es ee ee 
ke (2) send this message tity of granular material 
] is shown on a large illumi 
| We must also consider “completeness.” The dictionary definition, ee 
gs 4 Telemeter . . . [2] An instrument to transmit variations marked | be easily read at a dis 


nstrument, 


Coal Meter tance of 50 feet. 
properly excludes pyrometers, resistance thermometers, pH meters, and other 
electrical instruments included in a too-liberal interpretation of the A.S.A Control Systems for combustion, flow 
leinition. It also has the advantage of applying to non-electrical branches of pressure, temperature and other factors. 
Instrumentation, but it presumably is restricted to the combination of a tran ee ae EE ae eye 


utter, receiver and line, excluding the “physical instrument” (measuring Products will be gladly furnished upon requ 
ement). Without such an element, a telemetering system would be in 


Bag ateenth chapter (XIAV) of Part Seven (Handbook: of Industrial Electrical Measurements | BRA I LEY METER 
4 1 Control) of Béhar’s Manual of Instrumentat S tor nouncement of th I ‘ 
R ige A? of November 1933 Jnstrument Fac pter ecte t final rev t hort 
clore its appearance in this serial form, in order to assure that the t matter thor I COMPANY 
up-to-date, This new book is not published serially y other per Entire tent ( 


right. To be issued in book form on or ahout Tan. 1. 163¢ 
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And hundreds of applications where 
Remote Indications are desired. 
© Operates 32 volts A. C., 60 cycles, 
single phase ¢ Two or three Indica- 
tors may be operated from a single 


transmitter © Write for data. 
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plete because the scale or integrator dials of its receiver w 


because it would be inoperative anyWay 


At a distance Telemetering is not necessary for measut 


great distances. Similarly, instruments bearing no resemblar 


y 
1 
i 


wave-leneths 
TY e s4 
tures of remote stars. What is meant by “at a distance” is 


] 
systems are employed to measure the spectra 
- ] ] 
system can transmit the measurement of a particular condit 
to a greater distance than is practicable with the types of instr 
or preferably employed for measuring this particular conditi 


Further remarks on the A.I.E.E.-A.S.A. definitions 


| ind tele 1 1 1 br c thereo! 1s Lot t 
electrical systems There are hydraulic systems (as on board ships) 
i tl ih} 
t strictest definition of “telemetering’’ if such definition does 
transmissior1 In this treatment, of course, we deal only with el 
, aes Tele metering system” 1S preferable to ““telemeter”’ becaus« (1) 
eparate performance of measuring, transmitting and receivir 
word “telemeter” has meant for centuries (in most modern lar 
h) a surveying instrument or military range finder for the mea 
Today it also means ar ipparatus for measurement at a distance 
ing of “telemetry” is the measurement of distance 


Connection between transmitter and receiver. It is probal 
opinion still considers a.tangible line (all-metallic or includin 
an essential of telemetering; but the authors favor the incl 
employing Hertzian waves as the transmitting channel. TI 
signals for incrementally advancing a pointer, a pen-arm 
already passed beyond the experimental stage. Two recent 
now employing tangible channels as placed on the market) 
invented for “telemetering by radio.” In a few years, telev 
of indicator dials, of recorder charts and of integrator index 
be a novelty in the field of industrial telemetering 


All these considerations lead to a definition: 
Telemetering is the indicating, recording or integrating of 


] 
nitude, at a distance greater than otherwise practicable, by me 


including (1) a measuring element at the point of measurement 


ment associated therewith converting the measured magnit 
? ++ t f J 
eadily transmittable magnitude fect of port ite 1 { ( 
l ndic tor, de nt { nt ) ’ i” (+) 
») ] 
between (2) and (3) 
1 eae ‘ 1 
Thes« irtic S VT l UI | l 
1 1 
mitted la tu I | t 1s trica T} medsurea i 
1 1 1 ™ 1 1 ‘ 
thos rT an ¢ t1 i lature, Dut also temperat 
? | 11 
I \ ltuminat ingular deflection, as well as an\ | 
norry x} if 1) } vert | ito } S 
rOpercy NOS Va it ns OnV«E ( l ) 1 
] Bhai ‘ : Lose 1, > 5 hore » ihe 
‘lectrical magnitude. Whereas a decade ago there were | 


1 


methods (and these for the most part more or less “hand-tailor 
today at least sixty different electrical systems on the Amer 
market. Thus the ramifications of the subject are almost unlimit 
brought out in the next section: 





2. Summation, Demand and Supervisory Control 


The essential elements of many telemetering systems on th 
slight modifications and in certain cases with none at all, can bh 
various elaborate uses, such as adding and transmitting the result 
independent measurements, or even to a function which is not tek 
all: the operation at a distance or “comma 


station equipment and other classes of appat 
Telemetering 1 
versely, there are on the market numet 
ie mechanical systems, each of which was des! 
C ont re ore "qa - 
performance of some such function, non 
1 
called a telemetering system, but which clos 
Rem ~ \ 


telemetering systems. We may liken the pres 
the art to four fields: 1) telemetering, 2) t 
remote control and 4) supervisory control—forming four quad 
circle but with more or less vague boundaries between them, esp 
the center—where lies an amorphous “commons” of indefinit: 
might be labeled “electrical remote-instrumentation.” The vague 
is that between telemetering and totalizing: nearly every readet 
with the former is interested in the latter, because in the majority 





Tota 


+ th 


iit 








-tion of “simple” telemetering systems is followed by eager requests 
g electrical energy or the flow of fluids. Hence the utle and scop 
tment. 

x being closely associated with telemetering, the possibility that 
ay be required at some future date should be a controlling factor 
» of a system. Such a possibility would not need to be considered 


nperature telemetering system, for instance, is being specified: but 
gle system for fluid flow or for electrical nergy is quite likel 


| to form part of a subsequent totalization 


} 


telemetering of electric current Or power, the determinati 


mmetimes becomes the dominant factor, in which case it oft 
telemetering systems having an inherently slow response show 


L 


t advantage over those aiming at instantaneous action 


t { 


ibly associated with telemetering, too, is the more recent practice « 

y control, which refers generally to the combination of (1) th 
of apparatus such as generators, turbines and circuit breakers from 
] 


with (2) indications or records of conditions at the controlled end 
system. This field of remote control is beyond the scope of this work: 


nd the practice of supervisory control cannot here be touched upon except 


osofar as may be necessary to make clear the principles of some telemetering 


nd the interconnecting line. The cost of the line may be said to vary directly 


ctions : 


vetems 


3. Elements and General Characteristics. 


A telemetering system may generally be considered as being in three distinct 


the measuring-and-transmitting assembly, the receiving instrument. 


vith the distance to be spanned; the costs of the transmitting and rec Iving 
paratus seldom depend on the length of the line; therefore the selection of 
elatively expensive terminal apparatus often minimizes the total cost of a1 


t 


nstallation. By the same token it frequently pays to share the line between 
telemetering and a communication system, such as telephone or telegraph 


hile in other instances it is found practicable to operate two o1 
tering systems Over a common circuit. The problem of reducing the nun 


f interconnecting conductors in relation to the number of independent tun 


ons effected over the circuit belongs properly to the field of communicatior 


ngineering: and for details the reader is referred to works on that subject 


In this study the systems will be considered for the most part as thoug 


t} 


nnecting circuit were devoted exclusively to telemetering 
A general statement (which, however, has many exceptions) is that t! 


devices at the receiving end of a telemetering system are more likely to 


ibject to continual personal supervision than the apparatus at the transmit 


2Uu 


gend, and hence this apparatus should be as simple as possible, any essential 
mplications being transferred, so far as practicable, to the receiving end 
In many installations a supply of electrical power for operating the system 


is available at only one point—more likely the receiving than the transmit 
ting station. Thus, the applicability of a certain system to a specific problem 


nay depend on the possibility of operating it with power supplied at th 


t} 


receiving end only. 

In the transmitting section of a system the transmitter proper is associated 
with a measuring element but the two are distinct. In some telemetering 
systems they are separable: the transmitter can be associated one day with an 
lement which measures water level, and the next day with an element which 


measures illumination (requiring of course a corresponding change at th 


receiving end from one scale marking to another). On the other hand ther 
ire specific-purpose telemetering systems, such as some electric flow meter 
with measuring and transmitting elements assembled into one meter body 
but even here one finds the primary measurement to be independent of th 
transmission of the result thereof. This separateness Of medsuring and tran 


" 


ter 


ns, and should be borne in mind in studying any system 
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elements in the transmitting section characterizes all telemeterin 


e in the telemetering of non-electrical magnitudes it ts first of all n 


to convert them into electrical variables, the problem of “indirect mea 


it” enters into the science, as do also the related problems entailed by 


es of scale laws 


ples: (1) The usual industrial method of measuring gas flow 
line an orifice, a nozzle, a Venturi or a Pitot tube and to connect this primar 
to a manometer: but the differential varies directly with the absolute pre 


. inversely with its absolute temperature and directly with the square 
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HYDRON 


The Original Hydraulically 
Formed Metallic Bellows 


For Use in Temperature and 
Pressure Control Devices 
and For Liquid or 
Gas Seals on 
Compressors and Pumps. 


The Hydron"’ 


4 


one-piece me 
the 
exclusive Clifford hydraulic 


allic bellows made by 
process are of outstanding su 
periority and economy by rea- 
son of the patented method of 
They 


cordingly been adopted by the 


manufacture. have ac- 


largest industrial consumers. 


Hydron Bellows are free from the ordinary 
weaknesses resulting from surface injuries 
and other imperfections inherent in other 
methods. due to the high 
pressures employed in forming the bellows, 


Furthermore, 


any imperfections such as pin holes and 
local weaknesses are automatically detected 
in such a manner as to cause instant break- 
down of the tube prior to the complete 
formation of the bellows. 

End fittings or connections can be attached 
as a mechanical joint, or by solder, before 
the bellows is formed. They are thus pre- 
tested for leaks as an integral part of the 
bellows. 

Complete bellows assemblies for pressure 
controls, also filled and sealed units for 
thermostatic devices, made to any reason- 
able specifications, are a specialty. Com- 
plete engineering service on all problems 
involving adaptation of metallic bellows. 


Write for latest catalog 


CLIFFORD MFG. CO. 


564 East First Boston, Mass. 


Factory Representatives: 
Riley Engineering Corporation, 1481 14th Street, Detroit 
Franklin G. Slage!,923 East 3rd Street, Los Angeles 
J. J. Shriver, 221 North La Salle Street, Chicago 
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4. Possible Classifications. 


(a) By Primary Measurements in General. 


are ] Pa Saree Hane 
futile to Classify telemetering 


seems is 







Theoretically, it 
primary measuring elements as it would be to class y tele Ural 
Ort OTF the 1SSaVes ANd yet, 1n practice, a Compelentl sport 
yurport of their n And yet, in practi mpetent sg 


| 
i 
I 


possesses a set of aptitudes which differs from that of a compet 


telegrapher; sO im prdctice one discovers that almost every telemet 


1 


on the market was originally developed for the transmission of 
some particular kind of measurement. In some instances the desi 
had no other uses in mind. Nevertheless, the actual situation di 
devoting space to a detailed classification along this line: n 
mutually-exclusive categories could be drawn up, because many 
systems on the market have recently been made more widely apy 


some of the new designers evidently strove for the goal of a univ 


(b) By Primary Measurements with Regard to Electricity. 


A broad classification (or rough grouping) of telemetering 
basis of whether the measured magnitude 1s electrical or non-el 
1 
tinctly useful, because experience has shown that systems best suit 


+ 


; 
electrical telemetering do not lend themselves so well as othe 


mission of the results of measurements of non-electrical magnitud 
This is traceable to the fact that electrical mag: 


likely to vary rapidly, the primary measuring elements involved a 


5 | 
versa general 


while with other variables encountered in indu 
This classification is not used 11 


] 
LOng 


ently small torque, 


tice the exact reverse is often true 


ment which 


: 
follows, because many systems be somewhere 


two but the 
lasse ariables will often appear 
Classes Of varlaDles will often appear. 


extremes; relative suitability of particular systems 


(c) By Electrical Principle. 


A logical classification of telemetering systems is based upon 


Pee ace 
the electrical magnitude or effect whose Variations in the transm1! 
the measured magnitude. Electrical 


in number, and this basis serves to associate the syst 


represent those of units al 
with the characteristics and limitations of interconnect 
following classificati 
based on that recommended by the A.LE.I 
(Section 5) 
(Section 6) 
(Section 7) 
(Section 8) 
(Section 9) 
The above terms, representing the electric variables employ 


Therefore we shall use as far as possible the 
principles, 
1. Current 
2. Voltage 
3. Frequency 
4. Position 
}. Impulse 


metering 


spective classes, are not all self explanatory, but each of the fiv 

_ : 
will be discussed at the beginning of the section devoted to 1, anc 
systems are described 


does not establish mutual] 


tioning will be made clear as the differen 
noted that this classification 


categories, for some systems on the 


It will be 


+s 1 78 
market are “hybrids” and 


“composites 
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A “Universal” Electrical Test Cat 
for Industrial Plants 


By WILLIAM BARBOUR* 


N striving to continue business with profit during the 

past four years industrial executives have found it 

necessary to analyze overhead and production costs 
more closely than ever before. Information on many 
cost items is accurately and quickly obtained with elec 
trical instruments. As production is stepped up the value 
of reliable test data for maintaining good operation effi 
ciency also increases. But without quicker and safer 
testing methods, tests will naturally be neglected for 
lack of time and _ suffi 
cle ntly skilled personne : 
The Universal Analyzer 
Cart pictured herewith 
has been devs loped for 


testing 


Motors, 

Power consumption, 
Demands, 
Mechanical drives, 
Lighting, 
Production methods 


It was designed to elim 
inate a great deal of tim 
and a certain amount of 
danger in making factory 
electrical tests. A record 
ing wattmeter introduces 
the time element neces 
sary on most tests and 





provides permanent chart 
records on which condi 
tions, date, time, etc., may 
be noted. It is an Esterline-Angus Utility Wattmeter 
with a high chart speed attachment. It operates on d.c 
is well as a.c. The Weston indicating voltmeter and 
ammeter, the variable-ratio current transformers, and 
the necessary switchgear are also mounted on the top 
panel. All wiring is concealed beneath this panel. A tray 
below provides space for leads, additional apparatus 
and tools. Rubber-tired roller-bearing wheels make the 
cart portable and prevent floor vibration from affecting 
the instruments. 


ectt gineer Pestir iborator of Massachusett 
rville, Mass 
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The set is quickly adaptable to l-, 2-, 
systems. Resistors are built in for use on an 
from 75 to 800 without necessitating po 
formers. Current transformers provide gO 
ings for currents of 1 to 1000 amps. To test 
100 amps. it is simply necessary to atta 
size of dummy fuse cartridges to the flexil 
insert in place of the actual fuses on th 


tested. Current transformers may then hy 


. - A. Fused 
Auxiliary equipment Vv A oer aul 
split-core current transformers, | short-cir. b 
photoelectric “‘sightmeter,”’ 8 ROROPRS oF SN 
thermocouples and millivoltmeter | : 
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 illiay Eancneaea —p>—j}—] 
Current phase : 
Volta fF 


switch 


full scale reading’s on the wattmeter and il) 
heavier loads the split core current transfo 


used. 
Within a few minutes the following into 
made available on a drive or a piece of equi] 


1. Recording of power (chart speeds from 12”/mit 


2 Readings of line volt ives tCTOSS each phase 


3. Readings of currents in each line 
1. Indication of power factor of load (voltmet 
method or two-wattmeter method) 

5. Test of motor operating temperature 

6. Illumination intensity at machines 














In analyzing industrial plants with this app 
entire plant electrical load is recorded for se\ 
or a week, Then the various departments and 
pieces of equipment are tested. These tests may 
five or ten minutes each, or several hours to a 
be advisable. Floor plans are drawn up and 
shafts, drives and mechanical equipment ar 
in as the survey progresses. Original test « 
data, mechanical drive diagrams, and plant lay 
are then in a form to place on the general 
desk to be analyzed in relation to power bills, 
payroll, maintenance expenses, and material « 
flexibility and simplicity of operation of this 
make a perpetual plant analysis a comparati\ 
matter. Accident hazard and time are reduced t 
mum so that an electrician or mechanic can con 
on a regular schedule without interfering wit! 
ular duties. 














By RALPH R. BATCHER} 


ep LECTROSTATIC DEFLECTION SENSITIVITY 
nic emission from heated cathodes is the 


leet 


of a large variety of electron tubes. The on 


neip 
r neip! that distinguishes cathode ray tubs Ss trom thie 
ers the utilization of the deflection feature. ‘The 


non method for applying deflection fields is by 


st COM 


eans of internal condensers setting up electrostatic 


fields which vary according to the phenomena under in 
vestigalion. 

The deflection is approximately proportional to the 
voltage applied to the deflection plates, for a given de 
sign of tube and set of operating conditions. This pro 
ortionality de tle 
on sensitivity. It is conveniently stated as the percent 


age of the anode voltage required per inch (or 


factor is known as the electrostatic 


centl 


b Isic 


the distance between the plates and tl 
er thre cle flection. 
( ombining these four effects n 
l ( / 
hi 
4 my ad ] 
wli re thre svinbols ire given vu tie 
Fig. 1. The velocitv of the ravs J 
+l— 
, |4 


ae 


IT 


Electrostatic Deflection Methods 
for Cathode-ray Tubes’ 








— 





TMET meter ) deflection. In some tubes this rating is given for 
the stated working conditions of one kilovolt on the 


anode, and is then expressed in volts per inch detles 
2, 3,4, 5 


fion second. Substitut ne mur cal Va tor t I 
CALIBRATION ind converting to practical units g 
3 The various factors that affect the se nsitivity of a oe ee 
mney ithode ray tube have been mentioned in the preceding a 7 
> F article. The calibration constant, however, is ordinarily oe oa ; efi 
000) ‘ ae 0 Ihe OlLsS: requires vor centim r( tion 
maty obtained by measurement at several values of exciting ; ] 
. , a ‘ : - yA ad 
, potentials, and a curve is made for future reference. A ; 
theoretical analysis of the problem shows that there are h / 
four factors that affect the electrostatic sensitivity All linear measurements m tv be made in either cen 
. . is | } | 
oe neglecting the effect of any focusing arrangement on meters or imehes i the same ri , ead ft 
wit he velocity of the rays). Phis determination should be mad eparately fo 
1) The charge and mass of each electron. The actual sets of deflection plates 
effect is proportional to the ratio of thes« quantities, In making the above conversion the following 
charge e : ~> 
es, 8 or were Is d Ee iy gr - IO’ clectromagn ‘ t 
y ye 
mass m TT : 
nn . ‘ 2 0 ;00 10) 5.316 10 | t 
2) The field due to the deflection plates, which dk Za 
’ . a units, 
pends upon the applied potential difference and to their 1 se 
] senapati irectly . “tj ‘ iY re 
paration (directly proportional to the first and inverse } ws T 
as the second). O00 50) 
3) The length of time that an electron is affected ; 
by this field; which is proportional to the effective length 21 I 
if the plates in the direction of travel of the rays, and t at hig! 
. 91.» , . . excep i igh anode rotten i 
inversely as the speed of the rays. This is evident since — : : ; 
4 . : Che above formula (2) is the classical form and 
he higher the speed the less time they are under the blished ted] 
. . . » a © = een MLDS he’ repeatedly. 
influence of the field. The effective length of the deflect pen 
tus t pl . , Che value of the ratio of e m is of msiderabl 
; ig plates is somewhat larger than actual measurements ; : 
ral days . . . saa rortance in iVsical investigations t is msidere 
ul d would indicate, since there is some edge effect. pu. ee pales 
divid 1p ty ie , ; on is a constant 
tvid (4) The magnifying action of the tube. The ray is : ; 
et a : ; : “ “quation 2 nas been converted to a no 1) 
deflected a small amount while between the deflecting a c 
: - " ; a‘ . ; chart, Fig. 2. A straight line intersecting tl / nd 
e p ©6plates. After leaving this space it continues in the new ld | 
re 5 . . > wi mm Gd SCAales at OMS corresHonai ng 7 } 
direction until it strikes the screen. Thus, the greater | E 
ket j urements respectively, will intes th nt 
; Second f “T} ' , , A 7 ' 
7 ’ eco Bhaoreh a, I e f a? y Os Th t some point Another line intersecting is ye t nad ft 
i s. being published serially in Jnstrument h 1 t : 
} Radi, issue, point on the } a scale, if extended to the hi ] 
, Nadio engineer: thode-ray and ; ‘ 
wer s ollis, | “2 a? cathod . directly indicate on the atte? e defl 
; MacGregor-Morris & Mines. Measurement t Cat meters per volt 
raph, Journal Institute of Electrical Engi \ 
5 1096, VELOCITY OF CATIIODI RAYS 
Mis The Jet as Measurit Device. Jourr / on 
inecrs, Vol. 63 1925 1 . = 1096-116 According to thie Phe ry ol R if 
MacGr : , 2 ee oy ; 
( =? ae « Wright Ace uracy of Me re ( its ve locity ippro i¢ hie s thre Spe d rT ] hy vii 
ode-ray ubes j ‘7 ues Institute f 3 ty } \ ° ’ ! 
i pages 57-82. by an ippreciable mount pr rn gy ft 
4 ab 1 and Reich. Ueber ein Universalstativ fiir \ 
: ins Rohren. Physikalische Zeitschrift, Vol. 2, ’ 
Jot on 4 Low-voltage Cathode-1 iy Tube 


Vol. 1, 1922, pages 142-151 
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tion of its kinetic energy into mass. From equation (4) The sensitivity is also increased sin 


it would appear that at anode potentials of 250 kilovolts spacing is permitted. When two or mor 

ind over the electrons are moving faster than the speed are supplied, they obviously cannot be plac 
of light, which is an impossibility. At high anode poten point, so they must be placed in tandem. ‘| 
tials (greater than about 50 kilovolts) the equation is in pair somewhat more sensitive than the ot] 
error. In an analysis of this problem, a more accurate aration is the same on both pairs (the p 
equation for the actual velocity is (utilizing symbols closer to the screen is the less sensitive 


heretofore described 


















v I Ee 3 f - 
\ I — where X t eres : 
( 1+ X com sa | — 
Substituting practical units as, ” 
hk’, = (299.86 0.99958) 5 
c 2 9986 10 20 }_} 
erm 5.305 10 . 
ives the following: me 
X 0.001968 E S| Ss = : 
i / l ts | i 
An \ l " 
‘ 1 + 0.00197 tC 
ad i rs) 
This equation has been plotted in Fig. 3. oo 
Several other factors affect the velocity ¥ 
of the electrons among which are: mag , | ts. I Zs 40 Sp 100 
netic focusing fields, moleculer density of KiLOVOLTs 
the gas, the negative spac charge due Fig. 3 
to the electrons returning after striking the screen. designs a separate terminal may have been 
These effects are mainly important in the case of low each plate, or two of the plates (one of ea 
velocity rays. have been connected to the anode terminal, A 
THE DEFLECTION PLATES ple, in the RCA Type 906 tube, Fig. 4. th 
Usual practice has been to place the deflection plate ; nection is made inside the tube and brough 
inside the tube, where they remain in one definite posi anode terminal (which usually is maintained 
tion and parallel at all times. This permits the making potential). Otherwise, it is desirable that 
of a calibration curve so that the potential required for plates be maintained at a definite potential w 


i given deflection can be predetermined. to the anode. It is nec ssary that a definite 
circuit be provided between them, even if the 


of this path be as high as several megohms. A 


0.3—7— 66 
+ 50 —7—5000 deflection plates should be connected to thi 
— prevent a charge from accumulating on 
a _ one 
—— 50 would cause the axes to shift. This charge is m 
. 2 to the electrons wande ring back through the 
~— = ' 
4 striking the screen. 


With tubes having separate leads brought 


aa 
+ 20 —4+— 2000 each ot the deflection plate S. the shunting 
—+- = across each pair should be center tapped to t 
+ eee (or to the anode). This compe nsates for a 
- ° . } | | 
|b 30 = tortion produced wherein the deflection poten 
L. _ the axial velocity of the ray, thereby in tum 
+ “] eprgye, ae 
be 1o — 1000 the sensitivity. \V hen one ot the de flection 
oS 4 directly connected to the anode, the deflection 
¥ | hd | 
L die upon the factor ( ie ) since the plate that | 
0.1—— 20 "7 LL 
r 5 —+- 500 tive deflection potential at any moment theor 
be on creases the axial ve locity by the reciprocal ol 
At L a E factor 
Se ad a Several investigators have described tubes w 











7 —o final axial ve locity of the ray (the factor that 
r 7 the brilliance of the spot ) is increased immed 
0.06—- 2+ fore the ray strikes the screen. A tube of th 
L veloped at the Bureau of Standards will be d 

; | 7 subseque nt article. 
SHAPE OF DEFLECTION PLATES 

i It is not necessary that both pairs of plates | 
eoa—)- : 2 199 areas. In an experimental tube built by the a 
: second pair of plates flared out and furnished 

5 J port for a small coated mica screen about 1! 
4 Chis additional area provided high deflection s 

ome ie ost. se although the path of the beam was unusually 
Fig. 2 magnifying action usually produced by the lo 
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e deflection plates and the screen was obtained 
nstance with an optical lens suitably selected 


tweel 


this 
nd arral ged. 
In a general-purpose tube it is es 
sential that the plates of each pair 
lie in parallel planes and that the 
planes of one pair be at right angles 
to those of the other. 
In some special purpose tubes 
there are three deflection plates with 
axes at 120° to one another (Fig. 5), 
for studying three-phase circuits and 
Fig. 5 apparatus. 
In the design of any general purpose tube it usually 
s the practice to make the tube as sensitive to elec 
static deflection potentials as possible. There is not 
nuch leeway in the design and arrangement of the 
leflecting plates when this requirement is rigidly ad 
red to, since the greatest sensitivity is obtained when 
length of the deflection plates) | 
ie ratio ( —__—— is equal to 
spacing between the plates 
(distance from center of plates to the — 
’ radius of the screen. 
elationship is based on the assumption that there is no 


This 


need of a deflection greater than the radius of the screen, 


ind upon plane parallel plates. Examination of a number 
if commercial tubes shows that they are rarely as sen 


sitive as the above relationship would permit. 


Additional sensitivity (with a possibility of being 
ire than doubled) can be obtained with plates in 
liverging planes (see Fig. 4) the edges nearest the anode 
iaving the least spacing. It also has been suggested 
that the plates have a parabolic curve but the gain over 
lane diverging plates is small. 

In the case of plane diverging plates with closest 
spacing d,, and widest spacing d., the deflection (meas 
ired at the point where the ray leaves the field) is in 
reased to very nearly \/d.,/d, times that which would 

found with parallel plates with a separation of d.,. 
However, the curvature of the path between the plates 
sno longer parabolic, so that a different magnification 
factor, due to the length of the tube, must be applied. 

External deflection plates are rarely effective—espe 
ally in soft or gaseous tubes—as the sensitivity is not 
constant unless special precautions are taken to prevent 
electrostatic charges from accumulating on the inside 
surface of the glass. Such charges usually exert enough 
shielding to neutralize entirely the effect of external 
plates.® ; 

The width of the plates need only be enough to cover 
the lateral movement of the rays. When relatively nar 
row plates are used, however, the supporting and con 
nection wires to the plates have a greater influence, and 
may distort the field between the plates, making the 
scillograms difficult to analyze. 

In some cases where the actual deflection does not 
need to have a linear relation with the applied potentials, 
other shapes for deflection plates have been used, as for 
example curved segments cemented to the inner wall of 


‘J _& Cravath. Neutralization of the Deflection | with Ex 
Electrodes. Physical Review, Series II, \ 


the glass, is in a tube ised for frequency comparisons 


by the Bureau of Standards.” In another tube films of 
magnesium deposited on the inner walls served as di 


flection plate S. 
\s stated above, the deflection is dependent upon 


+} 


] 
length of time that an electron is affected by the electro 


static field. If the ray is deflected from the axial dis 
tion by the effect of the first deflection plates, its 
velocity is unchanged although its speed is greater. ‘|| 
path being at an angle, the length of the ray path 
tween the second plates is consequently greater. Thes 
two effects cancel each other so that the actu il deflection 
produced by the second deflection plates does not depend 
on whether the ray has been pre viously deflected by t 
tirst plates. The second pair of plate s should therefo 
be rectangular, and any attempt to introduce specially 
shaped plates (as for instance annular sectors, ets 


will cause non-linearity. 


DEFLECTION ACCURACY 
\n analysis of the accuracy and dependability of 


; 


deflection system must consider several factors: linearity 


(proportionality of the deflection umplitude with 
applied potentials); const incv*® (or freedom from var 
ations due to external conditions): and errors due ti 


effects that the application ot the de flection S\ Stem hia 
on the circuit under test. 


In any two-pair tube it is essential that th pairs of 
plates be mounted at right angles to each other i 
mentioned above) and also that the leads and support 
wires do not influence the deflection s\ stem. The defle 
tion plates and support wires must not be magnetized 
Inaccuracies in the physical line up of the elements will 


always cause trouble and the user of the tube is usua 
unable to correct the results 
It is impossible to kee p all applied volta 


t Constan 


over long periods so as to permit a calibration curve t 
be etched on the glass. but by keeping the anode and 
evrid bias volt ige constant the « ilibration constant 
will be fairly constant 
NORMALITY 
This term will be used in discussing the deviation 

the axes from the perpe ndicular. It often is assumed tha 
the cause of this discrepancy is solely the variation in 
the alignment of the plate s. Another cause of such d 


tortion is the effect of the deflection voltag upon 
axial velocity of the ray. When large deflection voltag: 
are ipplic d, the veloc ity of the ray increases or decrea 
is the pl ites become positive or negative, 

In some tubes, such as the recent designs by Cossor 
and L0.. whe re the inode surrounds and shie lds the de 


flection plat s, and tubes where the anode takes the forn 
of a conductive coating on the inner surface of the gl 


this variation is eliminated. If the effect is large. a field 


or 


is 


shaped like a kite or trapezium replaces the usual re 
tangular field occupied by the Ose illogram, somewhat 
as illustrated in Fig. 6. The distortion is reduced, | t 
"7 
tt 
o 
ae 
No . 
' { 
~ I 
| 
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Fig. 6 
necessarily eliminated, if separate leads are provided 
for each plate, not internally connected to the anode 
circuit, so that a center tapped leak resistance can be 
connected across each pair of plates. The tap of these 
two resistances can then be connected directly to the 
anode or else kept at a definite potential with regard to 
the anode potential. 

It is believed that trepezoidal diagrams attributed 
to the above cause are often due to magnetized elec 
trodes, and to the field from the leads supporting the 
deflection plates, from the various support wires exte nd 
ing beyond the anode and from the effect of non-parallel 
le flection plates 

Since linearity is an essential factor in measurement 
work, it may be desirable to compare the accuracy of 
different tubes. A suggested numeric for the normality 
factor is the mean value of the four angles (acute or 
90° but not the obtuse angles) which the edges of the 
figure, representing the actual field, make with the hori 
zontal axis and with a line drawn perpendicular to this 
axis. (The figure should have a diagonal length equal 
to the nominal diameter of the screen). Thus in the 
hypothetical figure (Fig. 6) if the measured angles a, 
87°, 85 , and 88° respectively, the 


Db. y and Oo are 38S 


average Value for this factor is 87 


THRESHOLD EFFEC 

The most important calibration discrepancy is due to 
the threshold effect. The deflection plates are prone 
to collect stray free electrons (those returning to the 
normal circuit after striking the screen and others due 
to impact ionization ) and so become negatively charged. 
If a leakage path is not provided (as by a high resist 
ance connected across the plates) this charge will quickly 
cause the spot to wander off the screen. Even when 
such a leak is provided, a space charge exists between 
the deflection plates so that the sensitivity is reduced 
when the applied voltage on the plates is small (below 
five or ten volts). The effect is the same as if a small 
variable bias voltage were connected so as to oppose the 
deflection voltage. 

While this error is small, this contraction of the figure 
caused by the spot slowing down as it crosses an axis 
as at the points “a” in Fig. 7, is usually objectionable, 
and a number of methods have been proposed for its 
elimination. 

Partial compensation for this error can be made by 
measuring all deflections to the outer edge of the trace 
instead of to the estimated center of the spot in each 
position. This increases the apparent deflection by an 
amount equal to half the diameter of the spot. The 
threshold effect in the usual low-voltage gas focused tubs 
may cause a discrepancy of about 0.040 inch, on either 
side of zero. It is not present with magnetic deflections. 

It has been shown that this effect is reduced (possibly 
eliminated) if a biasing potential is connected perma 
nently in series with the leak resistance. Unfortunately 
this deflects the spot to the edge, or else off the screen. 
so that it must be restored to a useful location by the 


12Ekersley Design of Broadcasting Stations—Modulation Studies 
Journal Institute of Electrical Engineers, Vol. 66, 1928, pages 501-520 

13Redell & Kuhn. Linear Correction for the Cathode-ray Oscillograp! 
Physical Revicu Series IT, Vol 36, 1930, pages 993.99¢ 
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application of magnetic fields, by the phy 
of the electron gun to aim at the opposit 
screen, or by utilizing a warped tube eny 
signed that the center of the screen coin 
new location of the spot. It is the author’s 
many of the proposed cures introduce mor 
the original effect for the following reas 
field between the anode and the outer end o 
tion plates is ore atly disturbed the defle: 
altered, somewhat as illustrated in Fig. 8. In 
the magnetic field is not constant over the w 
of the ray, a condition especially true if thi 
field is applied to the path beyond the deflect 
In the case where the electron gun is ain 





edge of the screen there is a substantial diff 
the length of the path as the spot moves around, es 
a difference in the deflection sensitivity. Mi 
spot strikes the screen at an angle and wil 
as sharply. 

In some cases (where the deflection plate 
rate leads not tied in with the anode) some 
results if the leakage resistor across each pa 
has a center tap which is connected to the anod 
a battery of about 100 volts so that the a1 
higher positive potential than the mean potent 
plates. 

Another method of keeping the threshold eff 
gas focused tubes is to use as low a filament 
possible consistent with sharp focusing. 

With high vacuum tubes (which do not 
ionization principle for focusing) the threshold 
minimal and except in rare instances can ly 


{ 


DEFLECTION AMPLITUDE ADJUSTMENT 
Whenever the applied potentials produc: 
large deflections, it becomes necessary to re 
in some definite manner, or to control the se1 
the tube. When the required reduction is not 
first method is usually the easiest since incr 
anode voltage will also produce greater brilli 
In many cases, increasing anode voltag: 
venient. The procedure necessary then depend 
upon the gas content of the tube. In the cas: 
exhausted tubes where there is very little ion 
precautions are necessary and the voltage « 
down by any method consistent with the frequ 
as slide wire resistors or voltage dividers usin; 


densers or resistors in series, as shown in | 
Continuc 
l4Rovowski, Fleger & Klemperer Die Spannungste 
thodenoszillograph. Archiv fiir Elektrotechnik, Vol. 23, 
88 
15Austin. Canal Rays. Scientific Paper No. S23 of t 
Standards, 190 
16Burch. Potential Dividers for Cathode-ray Deflection ¢ 
ophical Magazine, Series VII, Vol. 13, 1932, pages 7¢ 
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with escutcheon pins. The case has a 


>ctri neter , 
Electric Tachor flexible rubber ring that fits tightly 


Developed for aircraft but — ae against the machine, keeping ambient 
rious industrial plant applica inated Pr temperature fluctuations from affecting 
speed measuring system ceca ea the readings. Thus it can be installed 
the General Electric Co. pete 3 on machines permanently or used as a 
ee small, light, in portable tester. By having the required 
ductor-type number of bases, one Tel Temp case can 
generating unit be used as a semi-permanent installation 
éf relatively on several machines. For installation on 
slow rotor open motors, a special plastic-ring jacket 
speed, and an is supplied to shield the Tel-"Temp from 

indicator ar the effects of cross currents of air 


ranged for A-N 
standard mount 
ing, connect 
ed by two 
leads. Prin 





Self-checking, Multi-range 





ciple: The Laboratory Instrument 
frequency Combining self-checking features with 
output of the 29) ranges ‘for both ace. and d.e., the 
generator “Little Laboratory,” a new all-purpose, 
BS (propor portable laboratory instrument an 
neta ee megan tional to en nounced by the Rinfield| Kleetrical In 
gine Yr.j.m. strument Corp., contains a built-in stan 
wy reason of positive drive) is conducted dard cell that allows the user to cheek 


to the primary of a small transformer 
t the rear of the indicator case. The 
transformer core saturates at a voltage 
utput given by the generator at less 
in 100 r.p.am. After the transformer 
re is saturated, the voltage in the sec 
mdary coil is directly dependent on the 
frequency of the primary coil. ‘This a-c. 
iltage is then rectified to d-c. through 
small copper-oxide rectifier, which also 
in the instrument case. The measur 
element is a d-c. millivoltmeter. 
l'vatures. The generator can be driven 
either direction; no polarity need be 
ibserved in connecting the two leads. 
Utilization of this type of circuit) min 
mizes moving parts (see diagram). 
here is no step-up gearing in the gen 
erating unit; nor are there brushes, slip 





rings, or other forms of sliding contacts. — the jnstrument at anv time. The lowest 
rhe indicator movement has high torque range of either a.c. or d.c. ean be checked 
hich, combined with aperiodic damp directly and corrected if necessarv by a 
ing, results in steady readings under ex magnetic shunt accessible from the out 
treme vibration. The instrument has a side. Thus the unit can be checked against 
270° seale and a 2%” dial. The standard its standard cell, and adjusted for any 


tachometer can be supplied for scale temperature. This is said to hold true 
readings of 0-2500, 0-3000, 0-3500 r.p.m., even for the 2-millivolt range (ordinarily 


with generator speeds of one-half the in seriously affected by temperature 
dicated rpm. Special tachometers can changes). D.e. ranges include full-scale 
be supplied for a wide variety of appli capacities from 200 microamps. to 10 
cations. The indicator can be supplied amps. in 6 steps, and from 2 millivolts 


to 1000 volts in 8 steps. A.c. ranges are 
from 10 milliamps. to 10 amps. and from 
0.3 to 1000 volts, with 29 ranges in all 


Machine Temperature. Indicator Galvanometer included has two windings 


with any desired scale marking. 


The Ideal Commutator Dresser Co. has (low-resistance sensitive to low poten 
developed a convenient “spot” device tials, and high-resistance for small cur 
called the “Ideal Tel-Temp” for quick rents) both of which are accessible for 


determination of temperature in motors, external use. Instrument seale, 5.5” long, 


hearings, compressors, pumps, grinders, hand drawn on white enamel, is cali 
ete. It is a small dial thermometer, at- brated at 20 points. Guaranteed accu 
tached easily to the machines, and reads racy in terms of full-seale is 0.25% for 
from 0° to 100° C. The base has a d.c. and 0.50% for a.c. ranges 1,000 
threaded stud that screws into the case, cycles. Case is 1714” long, 81," deep 


ind is attached to the machine frame and 614,” high including cover. 


New Possibilities for 
REMOTE 


FLOW 
CONTROL 


for steam, water, brine, 
oil, gas or chemicals. 


Wilbin has developed a 

of remote electri valve 

In positive Dut infinitelds 

ible steps which present re 
flow control opportunitic 

A valve of any size, for at | 
sure can be held at any de i 
position between open and « ed 
in iccordance with in elect 
impulse from iny le red 1 
tance 

From 6 to 13 eparat tep 

be provided, so spaced as t 

the rate of flow by definit } 
erements every few econd 


either by a hand swit« 
matically 


APPLICATIONS 


Temperature Centrolt: \o comp 


line of thermostats i ivailal 
for every service in indust 

for heating o1 tir conditionin 
Liquid Levels: Where level ure 
maintained by pumpir the 

Will either throttle the fhe 
control tean to the pump 
turbine he mpul ' } 
Iven Dy n tit j te} 
float meehar r" rj nT 

Object 





WILBIN 
electro-hydraulie 
MOTOR VALVES 


have these advantage 


Absolutely silent in operatior 
Quick opening and closing with 
out shock 

Return aAutomaticall t the 
closed positior vhen eurrent 
fails Can never remattr } 
open 


Powerful thrust rection 


Packless seals No stuffing b 


Current consumption 


Wilbin Instrument Corp. 
183 MADISON AVENUE 
NEW YORK, N. Y. 
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Photoelectric Colorimeter 

Designed for chemists in all fields, who 
have to do colorimetric analysis, the 
American Instrument Co.’s new Yoe 
Photoelectric Colorimeter not only re 
lieves evestrain 







and increases 
the ease of 
making compar 


isons, but is 





LMR RE Dp 


capable of giving quantitative results 
more vccurately than is possible with 
in method of visual comparison, Devel 
oped by Dr. John H. Yoe, of the Uni 
versity of Virginia, it has had_ several 
vears of use in his laboratory before being 
released for general use. The instrument 
uses samples of either 5 ml. or 100 ml., 
in special plane bottom glass tubes, and 
gives directly quantitative readings, re 
ferred either to a standard solution, or 
to a Corning filter as reference standard 
The photocell is a Weston Photronic of 
suitable characteristics. The parallel beam 
from the light source strikes this cell 
after passing up through the tubes. Suit 
able diaphragms reduce the beam diam 
eter to avoid meniscus distortion and 
tube-wall reflections 


Photoelectric Color Comparator 

The “Telecolor” announced by the 
Hays Laboratories is designed for eval 
uating numerically the color differences 
between two specimens. The differences, 
it is said, can be measured both spectral 
ly and from their reflection values. A 
side door in the 20-lb. handled case ex 
poses, when open, two apertures before 
which the test samples are placed. The 
galvanometer pointer deflects toward th 
lighter sample. At the upper right hand 
corner of the panel is a graduated dial 
which, when turned to restore the pointer 
to mid-scale indicates the value of the 
difference In order to determine the 
spectral difference between two speci 
mens, six color filters (“representing the 
six points of the spectrum”) are inserted 
in the instrument in proper sequence and 
the values with each filter are jotted 
down. The light source can be plugged 
into any electrical outlet, and permits 





tests to be made day 
of the Hays Telecolor j 
tically indefinite.” Th 
to require no servicing 
cept replacing the light 
burn out. It is simple 





Photoelectric Expo Vet 
l'ripled sensitivity, to 
settings at low levels of 
icterizes the Weston ] 
ment Corp.’s new photoe 
meter. As in previous 
flected from the scene 
graphed is transformed 
ergy by a Photronic ce: 
1 microammeter calibrat 
units, but the microamun 
designed to provide inc: 
it the lower end of the 
is a range of brightnes 
sponding to 14 to L000 
ft \ “multiple-lens” 
placed over the photoce 





light reaching it to that 


camera angle, replaces D 
used which caused a lo 
one-half of the light refl 
scene. The upper dial, 





photographer co-ordinate 
film speed, filter factor, 
shutter speed on the basi 
light value, has also been 


more convenient and rapid 
said to provide a complet M 
film density range. Increa 
is said to have been obt 
sacrifice of permanent ele 


teristics 


Photoelectric Cell 
Hugh H. Eby, Inc., ann 
“Eby Electric Eve” availal 
assemblies of cell, relay, tube, 
socket, etc.; or in kits for 


col 
tial ! 
| 





Tri 
hey p 
sealed in Bakelite between w 
sensitive material is exposed 
light rays behind a_ speci 
quartz window. It reacts to 
tensity and wave-length of 
light rays. Unaffected by co 
posure to light and_ entire! 
in action, its operation depen g 
light-sensitive surface emittil § 
which are proportional in nur 
incident light flux. It can bé 
primary element for measur 
component part in suitable 
operate relays or (when conn 
input of a vacuum-tube at 
perform operations which ar 
pleted in 0.0001 second. 











Photeclectric Color Matcher 
in eve having a logarithmic 
illumination (constant per 
sitivity to differences), the 
istrument on a color matcher 
end to changes in light inten 
seale deflection proportional 
io of the difference to the 
nt. Another consideration is 
s are truly matched in color 
alike to the eve when viewed 

it from any source, so that 

m requires matching at several 

, ng the visible spectrum. These 

achieved in the Westinghouse 








Klee. & Mfg. Co.’s new color matcher 
Moreover, in order to match colored sur 
faces without regard to gloss, it is essen 
tial to “see” only the “hue” or diffused 
color. (Glossy materials reflect light of 
| colors from the surface independently 
f the true color of the material.) The 
optical system of the new instrument 
transmits diffused color to the photo 
tube, but the gloss-reflected light is re 
turned toward the lamp. The new color 
matcher also incorporates a bridge ar 
rangement to balance out the plate cur 
rent, thus increasing the useful sensi 
tivity. The phototube has a linear re 
sponse to light, resulting in linear 
changes in grid bias, and the indicating 
instrument (microammeter) has a deflec 
tion of a definite current per division 
The necessary logarithmic response is 
obtained by an amplifier tube circuit so 
designed as to have a curved grid-plate 
characteristic. Taking 4 volts as a typi 
cal point, a change of 0.8 volt or 20% 
produces a change of 1/, milliamp., or 
full-seale deflection on the scale which 
has 20 arbitrary (equal) units, 40 divi 
sions, each scale unit thus representing 
ibout 1%, which is the average eve 
ensitivity. The range of intensities cov 
ered by the amplifier, with equal per 
centage sensitivity, is about 6.5 to 1, thus 
giving a range of 30 to 1 in light inten 
sity over which sensitivity is above 60% 
of the maximum. The light intensity used 
is sufficient to give the maximum usable 
grid bias on the lower resistor, with a 
maximum sensitivity phototube when a 
vhite surface is being measured, and the 


r / 


in ge down to 5% reflectivity is covered 
without loss of sensitivity. Below this 
the sensitivity decreases, but “colors” in 





this range are “black,” and even dull 
black surfaces reflect 2% or more of the 
incident light. Fluctuations in line volt 
age are compensated largely by the novel 
circuit, and moreover a static saturated 
core type of regulator is used. A double 
knob controls the selection of the light 
filter and the setting of the potentiom 
eter to balance out the plate current 
Four rubber feet on the top permit the 
instrument to be inverted for testing 
small samples. The instrument is com 
pensated also for self-heating effects by 
making one of the bridge resistors partly 
of copper wire, which increases in re 
sistance when heated, balancing out the 
effect of heat on the regulation of the 
transformer supplying the lamp 


Photoelectric Control of 
Paper-roll Register 

In paper-bag machinery and printing 
presses it is essential to have the edge of 
the paper closely controlled as to posi 
tion. Rolls which have become dished on 
the ends by reason of rough handling 
vive trouble unless the side register 1s 
thus ke pt correct The Smith & Winches 
ter Mfg. Co.. in conjunction with engi 


neers of a large electrical company, has 
developed a rapid mechanical controller 
for guiding the edge of a web even at 


speeds as high as 600 ft./min. The photo 
electric primary element of this control 
ler is located so as to view the edge as 
it travels past it, and through rapid. re 
lays commands a mechanism powerful 
enough to shift the heavy roll axially in 
order that variations will not exceed 

£716". The 
takes the place of the regular paper roll 


complete control unit 
stand from which the tuber or other ma 
chine is fed 


Multi-circuit Pyrometer 
The “Alnor” Horizontal Edgewise Py 
rometer announced by Illinois ‘Testing 
Labs., Inc., comprises a ruggedly con 
structed, high-resistance, aperiodically 
vertical - shaft = millivoltmeter, 
combined with a_ selector switeh (for 


damp d 


8,17, 18 or 25 circuits) into a water- and 
fume-proof and dust-tight unit. Seale i 
6” long. Cold-junction adjusting screw i 


DEGRERS FARRERNETT 
ee ee 








provided. Dimensions are 714,” wide > 
101,” high & 7” deep. Net weight is 13 
lbs. A wide variety of thermocouples and 
connecting leads is available, as well as 
automatic cold-junction compensation, 
and also a special double-switch arrange 
ment for up to 48 circuits 











AMERICAN METER COMPANY 


GENERAL OFFICES: ¢ E. 42ND ST., NEW YOR? N.Y 














AMES THICKNESS 
MEASURE 


a“ 






Uniform 
Spring 


Tension 


For measuring “Si 
mechanical 
parts, paper, rubber, 
sheet metal, cardboard, 
veneer, glass, leather, wire, etc. 
Made of rustless metal. Fully 
guaranteed. 

A speedy, accurate, durable 
gauge, reading in thousandths 
of the inch with a capacity of 
5/16”. 

Other sizes and styles for all 
measuring purposes. Send for 
catalog. 

Price $9.50 fully guaranteed 


B. C. AMES COMPANY 


WALTHAM, MASS. 
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DY RO optical PYROMETER 


SELF-CONTAINED, 
DIRECT READING 
RUGGED— 
FOOL-PROOF 


Unique construc- 
tion enables oper- 
ator to rapidly 
determine tem- 
perature even on 
minute spots, fast 
moving objects, or | 
amatlest streams; 
no correction 
charts, no acces- 
sories, 

























New concentrated | 
test mark and ease 
of operation per- | ] 
mit unusually | | 
close and rapid | | 
temperature de - } 
terminations. j 
Stock Ranges | 
1400° to 5500° EF, H 


PYRO RADIATION 
PYROMETER 







The idea nstrument for 

Furnace Kiln use 

(rive wtual he it of ma 

ria aside from furnace 

kiln temperature. Does 

ator trictly automatic 

na ‘ n error Alway ready to tell 
n three nad ny hortcomings in your 


Stock Ran 000 to 600 I 


W ‘ il bulletins 


THE PYROMETER INSTRUMENT CO. 


103-107 LAFAYETTE ST., NEW YORK, N. Y. 

















RAWSON 
Chuitiameters 


DC 
13 RANGES 
From 1 
Microamp 
to 1 Amp 
an 
20 Microvolts 
to 1000 Volts 





ACorDC 
THERMAL 
13 RANGES 
From 
2 Milliamp 
to 1 Amp 
and 
60 Millivolts 
to 1000 Volts 





Types 501A, 


B & C. Also Type 502 Thermal 
Dynamometer wattmeters, milliammeters 
and voltmeters. Also ultra-sensitive meters 
both for A.C. and D.C., fluxmeters, elec- 
trostatic voltmeters from full scale 120 
volts to over 20,000 volts, thermocouples, 
earth current meters, cable testers, flux 
meters, etc 


Special Apparatus Built to Order 


RAWSON 
ELECTRICAL INSTRUMENT CoO. 
Cambridge, Mass. 


Branch: 91 Seventh Ave., New York City 


Representative: E. N. Webber, 
1217 Washington Blvd., Chicago, III. 
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Air-operated Controllers 
Ihe Consolidated Ashcroft-Hancock 
Co. announces a new line of “Controlo 
graphs” for temperature or pressure, in 
square-case recording models and round 
case non-recording models. The principle 
ind the main features of the Controlo 
graph were described in /nstruments 
June 1933, page 128; the new models 
differ therefrom chiefly in design of 

cases and in mechanical refinements 


24-hour Program Controller 

The Tork Clock Company, Inc., an 
nounces “Tymit,” a new portable plug-in 
type time switch. Finished in Bakelite and 
chromium, it is 5 
high x 4” wide x 
21,” thick. Weight 
l', pounds. Black 
or Walnut finish 
With standard 24 
hour dial and ad 
justable operating 
irms, it has been 
designed tor the 
control of radios, 
refrigerators, pro 





tective lighting, fans, M indow slgns, etc., 


but ippears to be suitable also for in 
ivailable In 


dustrial ipplic itions, being 


i wall-mounting model (capacity 150% 
watts) for permanent control of oil 
burners, ete The portable Tymit (illu 

trated) has a capacity ot 660 watts 


Temperature Controller 
In the new “Type 34T” self-contained 
wutomatic temperature controller brought 
out by the Foster Engineering Co. the 
energy required for operating the dia 


phragm-motor 


valve is. obtained 
from the con 
trolled medium 
itself: the pressure 
in the space below 
the diaphragm is 
that ahead of the 
valve, while the 
pressure in the 
space above the 
diaphragm is the 
reduced down 
pressure 





stream 
further reduced by 
i pilot valve. This pilot valve is actuated 
by the bellows of a thermal system which 
is set by means of a graduated scale. An 
“overtravel device” protects the bellows 
from the effects of excess temperature in 
the event of a by-pass being opened too 
much or of a valve leaking. The only 
work required of the thermal system at 
iny time being to actuate the pilot valve, 
there is thus made possible a combina 





tion of close contro 
ment range unobtainal 

self-operating controlle: 
that there is no wire- 
or seat such as is Cause 
ed valves. Construction 
semi-steel and bronze 

illoy internal parts. § 
0-100°F., 90-200°F., 190 
to 3”. Working pressure 
in Special units and 


temperature and specia 


Electro-hydraulic ( 

for Machine Too 
Many combinations of 

and rapid 


means of this new unit 
Starting, 


traverses ar¢ 


Vickers, Inc. 





in panel) provides delaye 
different feed rates and 


re controlled hydraulica 


creased or decreased by st 
table) that depress one or 
the two center plungers. [. 
working stroke or rapid 
varied at any time by sin 
position of stops. Lever pn 
control for set up purpose 
work resistance or operati 
hvdraulie s\ stem do 
rates and it is said that too 
overteeding are thereby pre 
provides complete hyd 
cept pump and eylinden 
mounted with gasket and 


pipe connections. It is 


len 


lips 
ULit 


eC, 


Temperature Control fo 


Internal Combustion Engines 


An electric contact tempe 
trol for use on. water-co 
combustion engines is ar 
Edison Electrical Controls 
Thomas A. Edison, Inc. It 
ing sealed in a glass tube { 
inert gas, the contact point 
dize or become pitted by re 
ation; and loss of calibrat 
continuous operation or 
prevented. This 
mounted in a metal tube p: 
a standard pipe thread and 
junction box for electrical 
The combination, 
Control,” may be 
ing water of a 
signal an attendant 
mined temperature is reac] 
stop the engine when the 


sealed ( 


designate 
mounted i 
Diesel eng 
when 


approaches a dangerous deg 
to hold the temperature of 
constant by varying the flow 

gines it may regulate the flo 
or it may cut off the ignitio 
ing the primary of the ignit 
by grounding out the magnet: 
used on supervised gas engit 
in alarm. 


B 





rolle 
Cic, 


ture Controller with 


Tem 
Built-in Relay 
Pm ow Corp. has announced 
i 2.” a mercurial type remote 
f self-contained temperature 
ith built-in relay, which can 
be adapted to al 
most any applica 
. ae 1 tion where electric 
i ka control is to be 
° used. It will con 
| | trol the operation 
as | || | of electric heaters, 
wii by || | or the flow of air, 
Ej |} gas, steam, or oil 
ef P | | The case is of alu 
:-f } minum, black erys 
den, talline finish. A 
gz SN) nickeled 
—— \\ knob on the 
\ (pty | | front of the 
Sy -T] TIE] | cover is for 
}/ jichanging 
“bd the con- 
c oar fe Ips | trolled tem- 
r Vor hf | perature. 
io’ <a! 7 . 
t a3 y/ aa At RS 
| ison —-f 1 | turned a red 
ia . indicator 
waits {J ) = } hand moves 


over a tem 
pera Lwre 
scale, and a 
black 

indicates the actual temperature on 
e same seale. This instrument may be 
furnished for almost any desired ten 
erature range up to L000 F., standard 
nges being 50° to 350°F., 100° to 650 
F., and 100° to 1000°F. A 
Micro-Switch” embodied in the mechan 
sm gives positive current interruptions 
ith relatively small temperature dif 


point 


Burgess 


ferentials, and the mercury-in-steel ther 


| system assures sensitiveness. ‘The re 
vy is of the solenoid pusher type and 


s a capacity of 15 amps. a.c. This in 


strument may also be furnished without 


| for 


ngines 


pheric pressure to an 





tor, Sy 


Trom 


‘ianey of the ratio set by 


( relay for use with currents up to 5 


WC. 


Gas-air Ratio Control 
rhe P.D.M. Proportional Mixer, de 
eloped by The Philadelphia Drying Ma 
hinery Co., consists of a diaphragm 
ctuated control valve, known as a Zero 
iwovernor, which 


feeds gas at atmos 


inspirator into 





hich the gas is drawn and mixed with 
ir. Equality of pressures assures con 
means of a 
uve controlling gas flow to the inspira 
ispension, of the control diaphragm 
n extra-long coil spring, and the 


se of a disk type valve, are said to as 


‘ure sensitive, friction-free operation in 


W 





nmediate re ; 
mediate response to the slightest pres 


ire ¢] inge 





Processing Controllers 
Self-operating pressure and tempera 
ture controllers designed especially for 


regulating processes In the food indus 


tries are 


innounced by the Consolidated 
Ashcroft 
Co. The 
tion shows 
PPH0 IT) 


Controller” 


Hancock 
illustra 

“Type 
Retort 
for the 
regulation of pres 





sures within — the 








usual retort range of 8 
to 18 Ihs./in 
ting point at 10 Ibs./in 
It is said that high sen 


sitivity is 


with set 


issured by an 
extra-large diaphragm 
top, and that the 


sure can be 


pres 
raised 
“more quickly than 
with ordinary controls 
’ does 


since the valve 


not begin to close 
until the 


has been raised close to the final holding 


pressure 


point.” Available sizes are 34”, 1” and 
|! The 


controllers have 


self-oye rating femperature 
a seamless two-ply bel 
lows and another feature is the anchor 
ing of the capillary tube’s braided armor 
in such manner that no strain is imposed 
on the bellows when the tubing is moved 
One model of the 
perature controllers (made in sizes from 

‘ to 1 ae is i 


self operating tem 


combined controller 


and indicator, there being a 314”) dial 
thermometer mounted on top of the bel 


lows housing 


Paper Folding Tester 


The cohe Sive 







prope r 
ties of paper, irrespec 
tive of tensile, bursting 


strength, ete., are deter 


mined by t new motor 
driven, steel cabinet 
housed, Folding En 
durance ‘Tester man 
ufactured by the 
Amthor ‘Testing In 
strument Co. Opera 
tion: The 
is held under stand 
ard tension by two 
jaws of the floating 
tvpe which are “kept 
in perfect horizontal 
alignment by frie 


specimen 


tionless supports.” A 
reciprocating blade 
double-folds the pa 
per until it breaks 
The number of folds is regis 
a 4-digit counter, which is in 
when the specimen 


tered on 
stantly disengaged 
breaks, the motor also being stopped at 
that moment 





Surface Temperatures 









Stationary The “Alnor” 

or 

Movi 

Moving Combination Pyrocon 


Surfaces Ideal for rolls, molds, 
plates, platens and 
plastic material temper- 
atures. 

Write for bulletin. 


Illinois Testing Laboratories, Inc. 
142 W. Austin Ave. Chicago, Iilinels 








SHALLCROSS 


Megohm Decade 


Resistance Boxes 





Employing the highest grade ol 
reactive wire-wound resistor hits 
and the most modern methods 
insulation 
N Iwo D \ 

lot Ml 
N | I ( ) 

| \l 
These Megohm Decade Boxes ma 


he used as” resistance COMpariso 


iboratory standards 


standards, 
potential dividers, and many othe 
applications in the physics and i 


dustrial laboratories 


Send for Bulletin ooo-Hl a 


soribing 


SHALLCROSS MFG. CO. 


COLLINGDALE PA 


these instrun 




















THWING 
Radiation Pyrometers 





Radiatior 


pyvrometer to 


The Phwing Portable 


Pyrometer is a handy 


have in any plant or laboratory 


It is easy to use and gives accurate 
readings directly in degrees temper 
ature. Simply point the radiation tubs 
at the hot object and a temperature 
seconds 


reading is secured in 1 


No calculations, no matching of 
colors, no. batteries 

Illustration shows temperat 
reading being taken of stee ope 


hearth furnace 


Thwing Instrument Company 


3323 Lancaster Avenue, Philadelphia, U.S.A 
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Combine.... 
ECONOMY with 
ACCURACY 











r mica Me ra T 


RATE OF FLOW 
t team and aqase 
LIQUID LEVELS 


@ NO MERCURY 
@ ONE INSTRUMENT FOR ALL RANGES 
OF DIFFERENTIALS 
Send for Bulletin B-101 


ADDRESS DEPT. A 
MOREY & JONES, Ltd. 
Manufacturing Engineers 


922 So. Hemlock St., Los Angeles, Cal. 








pecialists in neon tube light- 
ing; fluorescing white light 


tubes; ultra-violet radiation 
tubes; high voltage neon indi- 
cators. Stroboscope lamps. 
Spectral tubes of rare or active 
gases. 


GENERAL PHYSICAL LABORATORY 
509 Sth Avenue, New York, N. Y. 








BOYLE 
VELOMETER 


Instantaneous 
Direct Reading 
Air Velocity 
Meter 
20-feet to 6000-feet 
per minute 
Write for Bulletin 


Illinois Testing 
Laboratories 


incorporated 
142 W. Austin Avenue 
Chicago, IIlinols 











ELECTRICAL 
INSTRUMENTS 


METERS —PYROMETERS 


Sold, Rented, Calibrated, 
Rebuilt and Repaired 
Established 1910 


H. F. BYRAM 


28 Bathgate PI. Newark, N.J. 
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Contact-making Voltmeter 
A new 
feeder voltage 
20,” announced by The General Electric 
Co. 
tions, consequently increasing the life ot 


contact-making device for 


regulators, “Type TSB 


is said to eliminate needless opera 


both itself and the regulator and mini 


mizing maintenance. The iron core of a 


solenoid is suspended from a compen 


sating spring and is flexibly spring 
+ 


coupled oOo one end ot 1 contact beam 
The beam is pivoted at the center, and 
vith a given voltage ipplied to the sole 
noid winding, the system is held in me 
fitt 


chanical equilibrium. The beam is f 
which on 


ed 
vith two contacts, one. of 
changing voltage closes a circuit to the 
regulator relay switch magnet and 
causes the regulator motor to operate 
\t the instant the contacts close, hold 
ing coils are energized, providing addi 
tional holding pressure. Micrometer ad 
justments are provided to hold a meat 





voltage level and regulate the width of 
the voltage band. Where the regulator 
motor iS supplied from i separate 
source of power, when the feeder be 
comes de-energized the solenoid core 
drops and operates a cutout, automati 
cally running the regulator to the ful! 
lower position so that when feeder volt 
ive is restored there will be no possibi! 
itv of the regulator impressing higher 
than normal voltage on the feeder. As 
sembly of the 


compensating spring 


directly above the solenoid core permits 


the use of an unusually lightweight con 
tact beam pivoted in’ spring-mounted 
sapphire cups. A spring coupling be 
tween the contact beam and the solenoid 
core stem absorbs frequency vibrations 
which would otherwise interfere with 
iccurate control of voltage band width 
When contact is made and the holding 
coil is energized, the station iry cont ict 
is lifted from its stop and both contacts 
then float together. Chattering is thus 
ircing minimized, and cali 
bration maintained. 

So that 
full sensitivity, the 
equipped with a damping-vane assembly 


prevented, 
idvantage can be taken of 
instrument is 


on the lower solenoid core stem. This 
prevents overshooting but in no way in 
terferes with normal operation. There 
are said to be approximately 00 fewer 
parts than other instruments of like na 
ture Temperature changes of the com 


ponent parts neutralize one another 











Aspiration Psychromete; 

The new portable ispir 
eter announced by The P 
been developed especl 
conditioning industry, its 
that the fan motor is ope 
small dry cells in the case, 
ting tests in the parts of 
electric outlets are not h 

ired storage buildings, et 
spects it is of conventior é 
construction, except th il , 
handling less delicately 
psvchrometers. A) humidit 


nished with the outfit 


**Tattelites” 
I'wo models of tiny ne 
casings have been broug 
fuse Labs.: The “Ded-Fi 
(illustrated) connect dire 





rr 
& 
~ 
& f 
long overall 5/16” max. di 
6” connecting leads. They 


for circuits of 100 to 550 
d.c. and light on only 0.0005 
tective resistance is built i 
are indicating open circuits, 
lays, ete. 

“Indicator Tattelites” are 
tiny neon pilot lights which 
motor, heater, electric clocl 
erating either directly or 
control circuits. Conversely 


made to indicate open 





switches, blown fuses, etc. 11 
on 90 to 250 volts a.c. or d.c., 
ibout 1/1000 amp. (“a cent VP 
Not affected by vibration. |] 
hours. The neon bulb used in 
said to be the smallest comm« 
in the world (1” long 
Octagon shaped bases art 
those used on switchboard 
front panel type mounting 


phenolic resin caps are 











Thermionic Tube Tester 
Representing a departure from former 
nes in electrical and mechanical design, 

well as in appearance, the Weston 

Electrical Instrument Corp.’s new tube 
tester has socket mountings covering all 
in combinations for present glass and 
etal tubes, with provision for combina 
ms which may be introduced in the 
future. Three separate loads (for gen 
|-purpose tubes, for battery types and 
for diodes) are available, permitting 
total-emission tests for each type on a 
specific load basis, without possibility of 
damage to the tube structure. Seven in 
dividual electrode switches provide a 
ighly flexible means of setting up the 
irious electrode combinations for any 
type of tube. Individual portions of all 
tubes may be checked without removing 
tube from socket. A complete inter-ele 
ment neon short test may be made while 
the tube is hot in the socket used for 
emission readings. The dust-proof cast 
luminum case is divided in the center 
an engraved Bakelite panel section 
irying the indicating instrument and 
il controls. Fuses within the Bakelite 
plug on the line cord make it unneces 
sary to open the instrument for fuse re 
placement. Overall dimensions are 12” 
91.” % 6”. A carrying case is available. 


meter 


Vacuum Power Switch 
The Continental Electric Co. an 
nounces “Types VPS-1 and VPS-2” ofa 
new vacuum power switch wherein a 
solenoid controls the position of the con 
tacting mechanism, sealed in 
a high vacuum chamber, 
which itself is hermetically 
sealed in a metal container 
preventing oxidization or 
difficulties with particles of 
inflammable 
off during 
that the switch can be used 
in corrosive or inflammable 
atmospheres. It can be used 


material cast 


processing, SO 


also for remote and auto 
matic control and high 
voltage installations, as its 
construction is said to elimi 
nate pitting or burning of 
contacts. Service life under 
normal operating conditions 
is said to be practically un 
limited. The VPS-1. and 
single pole, single-contact 

switches, normally open and normally 

osed, respectively. The switch is evlin 
. drical, 514." overall, 114” ’ 





VPS-2 are 


diameter. Max 
mum continuous load ratings on a.c. are 
~“) amps. at 110 volts or 10 amps. at 220 
on d.c. 20 amps. at 110 volts, 10 
ps. at 220 volts. 


volts: 





Differential Pressure Recorder 

An 11” (chart diameter) recorder an 
nounced by More vy & Jones, Ltd., was 
ce veloped for fluid metering, liquid leve 
recording and other differential-pressur 
applications. Employing a flexible metal 
lic bellows instead of the cenventional 
mercury U-gage, it may be transported 
and used in any position and may be 
calibrated for any differential from 20 
water full-scale to 10 Ibs./in.? full-scale 
Working pressure limit is 500 Ibs./in 
for standard construction (higher limit 
special). Features: By unscrewing the 
plug on top of the bellows housing at 
the rear of the round case, the cali 
ithout 
instru 


brated spring may be removed 
affecting any other part of th 
ment, and a spring of different capacity 
readily substituted. The zero adjustment 
is “outside” (protected by a cap). Limit 
stops prevent injury in the event. of 
greater differential than the one for 
which the particular spring in use was 
calibrated. Friction is said to be negligi 
ble at the bellows-motion transmitting 
shaft bearing, the stainless-steel rod he 
ing lapped in and provided with an in 
strument-life-time supply of grease. In 
teqrator. supplied for fluid metering ap 
plications is electrically operated, direct 
reading and independent of friction or 
clamping devices (see Instruments, April 
1934, page 80) ) Other Options: Static 
pressure pen: alarm contacts: indicator 
scale read from pointer at end of pen 
arm 


Wheatstone Bridge 

Designed and constructed especially 
with a view to being ordered in quanti 
ties for students and service men and 
for factory production uses, a box type 
Wheatstone bridge announced by The 
Muter Co. is for measurement of resis 
tance from 0.01 ohm to 11 megohms. The 
rheostat has three decades with a_ total 
range of 11,100 ohms adjustable in step 


of 10 ohms. The ratio arms are controlled 


by a single switch providing seven decimal 
multipliers. A “C” battery is built into 
the bridge, as is a galvanometer. How 
ever, extra binding posts are provided 
for external battery and external 
vanometer. The galvanometer resistance 
is 115 ohms, and the sensitivity 7 micro 
amps. per division. Accuracy: The ratio 


¢ 


irm resistors are adjusted to 140% and 
the resistors in the rheostat to 140%. This 
provides an accuracy of approx 1% for 
the intermediate steps of the miultiplic a 
decreasing to perhaps 5% it the ex 
tremes. Heavily silver plated wiping con 
tact snap switches minimize contact re 
sistance losses. Dimensions: 9 ; xd x 
51". Net Weight: 6 \bs. Internal Con 
struction is said to “set a new standard 


for mechanical design.” 
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OUT- | RESISTS 
LIVES | EXTREME 
THE | TEMPER 
DEVICE COPYRIGHT 1034 ATURES 


JOHN WORLEY JEWEL CO 


JEWEL 
BEARINGS 


® Consider the use of sapphire bearings for 
your Instruments or small machines. 


® A sapphire bearing Is next to a dia 
mond in hardness—cannot corrode 
lessens friction—will retain its original 
high efficiency indefinitely 


All types of jewel bearings are manu 
factured from the rough stone to the 
finished product in our own plant. Our 
customers are not troubled with their 
production held up because of imported 
jewels being delayed 


You will find it to your advantage to 
let us quote on your present jewel bear 
Ings or to let us work with your engl 
neers in bringing thelr advantages to 
your Instruments. 


JOHN WORLEY JEWEL CO. 
SINCE 1900 
WALTHAM, MASSACHUSETTS 











MANUFACTURERS’ 
NEW LITERATURE 


In this department we Iist each month the printed 
matter Issued by manufacturers. Unless otherwise 
noted, any of the items listed may be secured free 
upon application to the issuing firm. Manufacturers who 
have not yet sent in their printed matter are Invited 
to do so. 








Cl73 Driftmeter Junior. | 1 
ribe i direct eadit meet 


nstrument f 


! Constant 


( ‘ Temperature Water 
Bath. 6-page ler p d , 


C17 Potentiometers. | 
lata and pric or ‘ 


Cl76 Pressure Blocks. | 


9&8 describe the applicat 


delphia, P 
C177 Profile Gages, 
tivel printed catal 


Corp., 165 Jackson St., Lows Ma 
C178 Visual Gage. 4-p f 
illustrates variou ige ty] 
Gage Corp Davton, Ohio 

C179 Automatic Reset Timers. 
bulletin lists everal type 
tains information on magneti 
Zenith Electric Co Ince 607 
born St., Chicago, Il 
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(150 Testing Machines. (atalozue No 
38 is made of illustrations which 
show the very extensive line of testing 
es manufactured by Losenhau 
sen. Captions of illustrations are given 
in German, French, English and Ita 

Alfred Suter, 500 Fifth Ave New York 


(lS! Pressure Gage Stabilizer and 
Protector, Leaflet illustrates device for 
protecting boiler pressure gages by 
preventing live steam from coming in 
sontact with the gage springs. Boiler 
Equipment Supply Co., Inc., 210% West 
Commerce Oklahoma City, Okla 

C182 Snap Gages. Catalog No. 4 de 
scribes an adjustable snap gage, ranges 
ind prices are given. Meldrum-Gabriel 
son Corp., Syracuse, N. Y 

C183 Selentifie Instruments. Genera! 
catalogue, 100 pages, contains informa- 
tion onthe instruments manufacturered 
by I. J. Kipp & Zonen, Delft, Holland 

CisS4 Vacuum Instrument Pump. 4- 
page folder describes a device which 
was developed to operate the air driven 
types of iircraft navigating instru 
ments Eclipse Aviation Corp., East 
Orange, N. J 

C185 Direct Reading Flowmeters de- 
veloped to measure the instantaneous 
rate of flow of liquids in gallons or 
pounds per hour, are particularly adap- 
table to internal combustion engine 
testing. 4-page folder. Eclipse Aviation 
Corp., East Orange, N. J 

C186 High Vacuum Pump. Catalogue 
sheet describes a pump with a guaran- 
teed vacuum of 001 mm National 
Scientific Corp., 814 N. Franklin St., 
Chicago, Il 

C187 Boiler Water Level Control. 24- 
page bulletin discusses the importance 
of boiler water level control, then the 
manufacture ind construction of the 
control are covered. Installation and 
wiring diagrams are included, McDon- 
nell & Miller, Wrigley Bldg., Chicago, 
Ii] 

C188 Thermometers. Catalog No. 135 
is a loose-leaf, 32-page catalog. It 
covers: industrial thermometers, vari- 
ous types; long extension type ther- 
mometers; special industrial thermome 
ters and general use thermometers 
Scientific Instrument Co., 531 W. Larned 
St., Detroit, Mich 

C189 Resistance Thermometers. Bul- 
letin 4001. This 24-page booklet tells 
the owner, the architect, the engineer 
and the contractor what each needs to 
know about electrical thermometers. It 
may be had by asking Leeds & North- 
rup Company, 4901 Stenton Ave., Phila- 
delIphia, Pa 

C190 Orifice Flow Provers. Bulletin 
E-8 discusses the Pierce Critical Flow 
Orifice Provers for testing positive dis- 
placement meters. Various factors for 
substitution in the formula are given 
in tabular form. American Meter Co 
60 KE. 42nd St., New York, N. Y 

C191 Nen-Inductive Resistors. The 
April issue of the Ohmite News de- 
scribes the new non-inductive resistor 
Ohmite Mfg. Co., 636 N. Albany Ave., 
Chicago, Tl] 

C192 Seme Causes of High Costs. 
Bulletin No. 335 gives a number of case 
histories showing how the graphic in- 
strument reduces costs, improves prod- 
ucts and processes and eliminates wast 
of power and labor. Esterline-Angus 
Co., Indianapolis, Ind 

C193 Temperature Control. Leaflet 
briefly covers thermostat control for 
a temperature of 1600°-1800°. Burling 
Instrument (o 185 Market St New 
ara, N. J 
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(194 Gas Stethoscope. 4-page bulletir 
lescribe the ipplic ition and uss of the 
gas stethoscope for the deter 





of leaks in gas mains. E. R 
214 E. Ist St., Topeka, Kan 
(195 Marine Service Rotameter. Leaf 





et describes a Rotameter equipped 
with a center pole for Ise where op 
erating conditions ire such that i 


standard free floating rotor may be 
iused to. strike igainst§ the tube 
Schutte & Koerting, 12th and Thomp- 
Philadelphia, Pa 

C196 Hydrogen Ion Meter. Supple- 
ment to List 108 describes the elec- 
trometer valve pattern meter The 
Morton glass electrode system is also 
described. Cambridge Instrument Co., 
Inc., Grand Central Terminal, New 
York N y 

(‘197 Precision Measuring Tools. Cata- 
log 34, 20 pages, lists light wave equip- 


ment, reference gage blocks, taper 
insert plug gages, thread measuring 
Wires, sine bar light wave flatness 


tester, light wave micrometer, light 
wave deflection bar, and special gages 
Van Keuren Co... 12 Copeland St 
Watertown, Boston, Mass 

C198 Statice Pressure Controls fo! 
accurate control of low pressures, are 
described in a 4-page folder. Installa- 
tion, wiring, pressure connections and 
adjustment are also covered. Minneapo- 
lis-Honeywell Regulator Co., Minneapo 
lis, Minn 

(199 Time and Sequence Controls for 
industrial processes and general appli 
cations are covered in a 4-page bulletin 
of the Leland Electric Co., Dayton, Ohio 

(°200 Mercury Switch. Form F74 gives 
a brief description of the design and 
operating characteristics of the switch 
produced by the Leland Electric Co., 
Dayton, Ohio 

C201 Smoke & Combustion Indicator. 
2-page bulletin description. T. W. M 
Neill Engineering Equipment (Co., 4057 
Van Buren St., Chicago, I 

(202 Precision Instruments & Gaging 
Devices. Description Publication No. 3, 
12 pages describes the Comtor system 
of gaging and illustrates a number of 
applications to particular tvpes of 
gages, Comtor Co., Waltham, Mass 

C203 Humidistats & Thermostats. 
Bulletin K, 4 pages, is a complete cata 
log of Friez humidistats. Bulletin T/X, 
2 pages, illustrates the insertion hu- 
midistats and thermostats for insertion 
into air conditioning cabinets into 
ducts, incubators, ete. Julien FP. Friez 
& Sons, Inc., Baltimore, Md 

(1204 Industrial Indicating Thermome- 
ters. Bulletin 600, 4 pages, gives illus- 
trations and data on vapor pressure 
thermometers.H-B Instrument Co., Inc., 
2518 N. Broad St., Philadelphia. Pa 

C205 Cyele Regulator. Bulletin No 
80B, 8 pages, illustrates a cycle con- 
troller which eliminates separate panel 
mounting and many control pipe con 
nections Installation diagrams ire 
given. Fisher Governor Co., Marshall- 
town, Iowa 

C206 Sensitive Draft & Pressure Re- 
corders. Bulletin 2017 illustrates a new 
line of recorders. Bulletin gives ranges 
and avplications. Hays Corp., Michigan 
City, Ind 

C207 Valwe Position Indicator. [llus- 
trates several models of valve posi- 
tion indicators, with specifications and 
prices, Tefft-Jackson, Inc.. 830 Hospital 
Trust Bldg., Providence, R. I 

C208 WVehicle Operation Recorder. 
Form A-296 illustrates the Ohmer Kien- 
zle Vibracorder used for checking 
vehicle and machine operation. Ohmer 
Fare Register Co., Dayton, Ohio 

C209 Mercury Switches. Catalog S: 
12, 8 pages, gives data and section dia- 
grams showing operation of Con-Tac- 
Tor mercury switches Minneapolis- 
Honeywell Regulator Co., Minneapolis 
Minn 

(210 <Attachable Colorimeter Lamp. 
Leaflet D-28A describes this lamp for 
use with colorimeters, in place of ran- 
dom illumination. Bausch & Lomb Op- 
tical Co., Rochester, N Y 

(211 Twe-Position Controller. Catalog 
Sec. NC24A, 4 pages, gives a description 
ind specifications of a 2-position mi- 
cromax controller. Prices are also in- 
cluded Leeds & Northrup Co., 4901 
Stenton Ave., Philadelphia, Pa 

(1212 Waco Service. A house organ 
put out by Wilkens-Anderson Co., 111 
N. Canal St., Chicago, Ill, describes a 
takelite press for mounting specimens 
for metallographic work 

C213 Electrical Insulation Manual. 
This new Manual is devoted to the 


} 


subject of electrical insulation as 





t 


oncerns those 
the installation 


of practically all type 
paratus ind S inter 


date and compreher 
testing of insulatior 


cerned. While this ns 
not render obsolet« 
tions bearing i sin 


back is far as 1923) 
amplify the subject 
ing in a manner that 
ciated by those havin, 
very fundamental 
equipment. Price 
this book will be ss 
to those having reas 
James G Biddle © 
Philadelphia, Pa 

C214 Insulation Testin 
100, describes the 
Standeo insulation 
bulletin replaces olde 


ilso includes an inl 
new Dwarf Megohmer 
an advance innour 
Junior Paragon 


Megohmer. Herman H 
Park Place, New Yorl 

C215 Timer. Leaf 
describes an automati 
been equipped with a 1 
spec ial brake finger 
timer escapement VW 
Timer Co., Graybar B 

(216 Resistors. © 
12508 Berea Road, Lak« 
just issued a folder 4d 
new low resistance Ly\ 
bon resistors used for 
sensitivity range of ‘ 
industrial electronie cont 
and radio hook-ups. §S 
ompiled from the result 
of tests, illustrate the 
of these resistors is re 
ind overload qualities 
of value under extren 
ditions, and their ] 
characteristics 

(217 Resistance Wire 
r Co. (formerly G 
has just published a n¢ 
handbook. Thi 
tains a great many tab 
pertaining to the desig: 
tion of electrical heat 
will be of keen interes 
neering profession. Copis 
by simply writing to t} 
and works located at Riv 
Newark, N. J 

C218 Humidistats. Bu 
trates and describes in ds: 
range of Friez wall mo 
sertion type humidistat 
Friez & Sons, Ine Baltir 





Sistance 


("219 Indirect Microscope 


tion. Bulletin 17 describe 
experiences and applicat 
the Ultrapak has been | 
tific workers. There ars 
photomi« rographs and te 
dicating the advantage 
use of this equipment 
pathology, medicine, bic 
and other fields. Bulletir 
the complete equipment 
60 E. 10th St., New Yor 
220 Relays. Bu 
trates and describes |] 
control assemblies for 
tion with Friez humidi 
mostats. Julien P. Fr 
Baltimore, Md 

C221 Control, Engine: 
with the exacting probler 
ing precision contro 








pressure, rate of flow 
on continuous process: 
time lag ind oad 

write to he Tay r Ir 


their new 


sulletin 37R 
Temperature Contro 


Co Hartford, Conr ’ 
Bulletin No. 13-A in wh 
their newest temper 
quipment Dimensior 


diagrams of direct 
ind non-indicating 
electric ranges 
thermostats wi 
the same 





purposes 
) 


‘223 Pressure Regulato 


Mfz. Co., 1901 South Wes 
Chicago, recently publisl 
bulletin describing all t 
lators for reducing I 
team, water, air, gas and 


Engineering data and 
mportant part of this ne 


Thums 








THumina- 








4 Cave Blocks, Scriber and Center Point in the 





{djustable Holder are used to establish loca- 


S ions within one ten-thousandth of an inch. 
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A Visit the Johansson Display at the 
SOHANSSON 


. Machine Tool Show, Cleveland—Booth A-201 


Greater Accuracy for your 
SIGS and FIATURES 


THE accuracy of Jigs and Fixtures can be no greater than the accuracy 
of the methods used to lay them out. You can obtain greater pre- 


cision in layout work when you use 
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OMANSSON 


GAGE 


ACCESSORIES 


COMPANY 


MECHIGAN 


BLOCKS and 


MOTOR 


DIVISION DEARBORN. 
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) ELECTROSTATIC DEFLECTION METHODS 


cich tubes with low ionization, high leak resistors (5 to 
0 megohms) can be used across the plates and their 
eflect disregarded. When ionization occurs in the tube 
due to the presence of gas molecules, several precautions 
must be observed. The conductive path between the de 
fecting plates increases the load upon the circuit under 
nvestigation. When the power output in the circuit 
nder test is low it is possible that a simple series re 
sistance will prove satisfactory if a high resistance shunt 
, used across the plates. The exact value depends upon 
the conductive path, so that a calibration is necessary 
n order to determine the voltage equivalent of any de 
flection. 

In case more power is available to operate the deflec 
tion plates without abnormal loading of the test circuit, 
. high-resistance voltage divider will give better results. 
If the total resistance of this “‘potentiometer” is less 
than about 0.1 megohm the voltage applied to the plates 
can be determined from the position of the movable arm, 
since the resistance shunt due to the deflecting plate path 
is usually much greater than this value. 


for Cathode-Ray Tubes 


Continued from page 


When it is not possible to connect a resistance load 
across the test circuit without upsetting the circuit con 
ditions, a condenser-resistance combination may be used 
or a vacuum tube buffer stage. The capacity reactance of 
the condenser is of smal] Importance if corres thy St le cted 
but its leakage resistance must be of a high order. 

Usually, however, it is not difficult to compute the 
total voltage if the total circuit impedance is known. In 
the case of hard tubes where the internal losses due to 
gas ionization are not important, a small series condenser 
will reduce the applied potential if the plates are 
shunted with a larger one, as in Fig. 9, the reduction 
being in accordance with the usual rules for series im 
pedances. For very low frequency tests however the 
condenser’s losses become increasingly inportant, and | 
step-down transformer may be utilized, as in Fig. 9 

In a subsequent article a piezoelectric “transformer 
designed by the author, with characteristics especiall 
adapted for the amplitude control of transients, will be 


described. 


(To be continued) 





ORIFICE COEFFICIENTS FOR VISCOUS LIQUIDS — DISCUSSIONS 


dentally this will give some indication of the validity of the 
rea ratio factor in the common formula which has never been 
dequately proved. 

For the liquids used the absolute viscosity should be re 
orted in relation to temperature preferably in c.g.s. absolute 
nits. There is no real advantage in bothering about kinematic 
iscosity if density is associated with velocity and mass flow 
made the prime variable in working formulas or in Reynolds 
numbers, in fact, for some cases there is an advantage ‘where 
density and absolute viscosity change with temperature at ma 
terially different rates. 

Reference is made in the article to precautions against air 


© entrainment, but nothing is said about what these were or 


ssurance given that the liquids were really air-free. In this 
connection it is to be noted that air may be absorbed by the 
quids and if the latter are near saturation, a depression of 
ressure will release air from solution so that it becomes en 
‘rained. The air content of liquids subjected to basic tests 
should be known and proved to be less than will make them 
saturated at a locally lower pressure point in the system. 

In the first paragraph of the section entitled “Caleulations 
nd Results” it is stated that there is a difference of opinion 
s to the validity of the formula, which is true, but the pros 
ind cons should be discussed and not ignored. 

Considering the conclusions, it is most remarkable that no 
instabilit) of the coefficient of discharge has been found over 
* range of Reynolds numbers reported, when all existing 


Continued from page 200 


data on flow 
stable zone in this same range of Reynolds number Thi 


resistance coefticients point Clearly to anoun 


situation should not be left as it is but should be cleaned wp 
The first step is that noted previously, the plotting of Stantor 
curves of flow resistance to see where the unstable zone. lie 


for such resistance as is made by a sharp edged orifice. Then, 


if the coefficients of discharge are not unstable in this zone of 
unstable resistances, some explanation must be found after 


first verifying the facts 
By EDGAR BUCKINGHAM* 


HIS seems to me to be a very interesting and valuable 
piece of work. It is interesting as a great extension of 
the older experimental work of Hodgson, Johansen and 


others on flow through orifices at low Reynolds number 
the effects of viscosity become important. This helps toward 


, where 


a better understanding of what really happens in an orifice 
meter and why it happens; and any such classification of our 
physical ideas about this complicated phenomenon is most 
welcome. And the article is practically valuable, because the 
authors have not limited themselves to deseribing an admirable 
experimental research but have put their results into such 
form as to be immediately available to engineers. I congrati 


late the authors on a very nice piece of work 


W ashingtor D. ¢ 


National Bureau of Standards, 
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"EXCLUSIVELY 


HOFFMAN GAS & ELECTRIC HEATER CO. 


LOUISVILLE, KENTUCKY 


Chace Thermostatic Bimetal is the 
active element that automatically 
governs operation of safety pilot 
control valve on Hoffman Heaters. 
By this control the gas to main 
burner is shut off in the event 
that pilot light is extinguished. 
Chace Thermostatic Bimetal is now 
used in every line of industry 
where automatic control of tem- 
perature is called for, or where 
automatic action must take place 
with change in temperature. 





W.M-CHACE VALVE CO. 


1609 Beard Avenue - + + Detroit Mich 
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CONSTANT = VOLTAGE 
for All A.C. Socket Power Devices 
Lae VOLTAGE 95 to 130, OUTPUT ba r 1% 


absolut ntial to the effective opera 





RAYTHEON 
VOLTAGE REGULATORS 


nttrely Automat . Negligible Time-Constant 

gm re ee een ee eee ee ee eee: 
1 RAYTHEON MFC. Co. ' 
' l Equa ent Division ' 
: 190 Willow Street. Waltham, Mass. : 
' ACME-DELTA, RAYTHEON, AND! 
' le LTA PRODUCT s 1 
‘ Gentlemer Please send me full : on Raytheon Voltage ' 
‘, 1 
' Re ' 
t Nar ' 
' 

' Ad I - 
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IN CHICAGO * 


Auditorium hotel rooms are 
large, spacious and comfortable 
with beds that were really made 
for restful slumber. 


WITH PRIVATE BATH FROM $2.50 
WITHOUT PRIVATE BATH ~ $f 50 





Live on Michigan Avenue, close to the Loop, wt 
visit Chicago. Enjoy the traditional luxury 
Auditorium Hotel-yours now at an extremely mod 


» H. Mink, Man 


neal 
MICHIGAN 





AVENUE AT CONGRES 














— URGH 


with a Swimming g ool 


Among the many outstanding features of this 
modern hotel is the large swimming pool ava 

to all quests without extra charge. Here one / 
every comfort and luxury at low cost. 


A LOCATION CONVENIENT AND BEAUTIF 
In Pittsburghs beautiful Civic Center overlook 
Schenley Park, away from the smoke and no 
downtown, yet easily accessible to a 
points of interest. Special features for 
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LABORATORIES 


PRECISION ELECTRICAI 
MEASURING INSTRUMENT: 





5 
DIRECT CURRENT 
POTENTIOMETERS 
Improved Cathode-Ray Oscillogr mph AND BRIDGES 
Fast-screen tube 5 inches in diamete built-in 
Bedel sweep-circult for linear axis dire t Feu 6 
7 n of frequencies to 21,000 cycles or more built 
) power-supply . . . completely self-contained and 
) For visual or photographic observation of any 
2 ransient phenomena, the General Radio Type 687-A r the exacting investigat 
Electron Oscillograph is superior 
” you Price: $184.00 complete (In U. S. or oe 
dae Let the General Radio eee he parts t discuss 
the application of electron ae to your spe LEPPLEY | 


cialized problem. 


Write for Circular P-100-I for complete details. 


GENERAL RADIO COMPANY NEWPORT, Put 


30 State Street Cambridge A, Massachusetts 


THE EPPLEY LABORATORY, IN¢ 


























a. CATHETOMETER 
Moi) T E50? 

A complete line of Cathe 
tometers, designed for verti 
cal measurement of the 
highest precision. Indispen 
sable for accurately measur 
ing the height of Mercury 
Columns in Barometers 
Manometers, or measuring 
the size of objects not di 
rectly accessible. 


At the MACHINE 
TOOL SHOW 


You can see what PRECISION 
MEASURING INSTRUMENTS 


are doing to help control pro- 





The base and supporting 
frame are made of well sea 
soned special cast-iron in 
substantial proportions to 
assure permanent accuracy 
The vertical frame and tele 
scope are mounted on a 








duction standards. It will pay heavy bar which is easily ro 

‘ tated on accurate bearings 
you to stop at our booth and on 

NDICATORS The telescope, of the high 


est quality, is reversible in 
accurate Y’s, and fitted with 


PRECISION MEASURING INSTRUMENTS | Saemeaw 


Full details on request 


Bes FEDERAL The Gaertner ee Corp. 


: PRODUCTS CORP. 
LL PROVIDENCE R. I. 1211 Wrightwood 


Avenue 


learn what is new. 





> level. 
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BUYERS’ 


GUIDE 


to Devices for Measurement, Inspection, Testing or Control 








f ’ J ire jnaoie fT Tina what you requir r +r ect n of 
NSTR JMEN 5 write intor + r ‘ + r ncst t sr ng 
( pany G ve cc plete far San f re rer + 
AIR METERS COILS Bristol Company 
American Meter Co Resistance, Inductance, Brown Instrument Co 
Bailey Meter (<« Special Foxboro C« 


George Sidney Binckley 
Bristol ( 

Brown Instrument Co 
Foxboro ( 

Pienese Instr ment Co 
Taylor Instrument Cos 
a 4-4 <- RS 

Friez & Sons, Inc 
ES al Elec tric Co 
Taylor Instrument Cos 
ALTITUDE BAROMETER 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
AMMETERS—Indicating 
Genera! Electric Co 
General Radio Co 
Rawson Elec. Inst. Co. 
Roller-Smith ¢ 


Westinghouse E.& M.Co 

Weston Elec. Inst. Corp 
Recording 

Bristol Company 


Brown Instrument Co 
General Electric Co 
Pioneer Instrument Co 
Roller-Smith Co 
Westinghouse E.& M.Co 
ANEMOMETERS 
Bristol Company 
J. P. Friez & Sons, Ine. 
Taylor Instrument Cos 
ASPHALT TESTING 
APPARATUS 
Taylor Instrument Cos. 
ASTRONOMICAL 
INSTRUMENTS 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp. 


ATTENUATION NET- 
WORKS 


General Radio Company 
Ward Leonard Elec. Co. 
AUDIO-FREQUENCY 


OSCILLATORS 
Genera] Radio Company 
BALANCES 


Roller-Smith Co 
BALANCING MACHINES 
Genera! Electric Co. 
BAROMETERS 
Bristol Company 
J. P. Friez & Sons, Inc. 
Gaertner Scientific Corp. 
Taylor Instrument Cos 
BATTERY TESTERS 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
BEARING TESTERS 
BEATING TESTERS 
Testing Machines, Inc. 
SEBeT At. ELEMENTS 
M. Chace Valve Co 
eeanos. INSTRUMENT 
Bailey Meter Co 
Bristol Co 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Westinghouse E.& M.Co 
BOILER METERS 
American Meter Co. 
Bailey Meter Co 
George Sydney Binckley 
BRAKE TESTING 
METERS 
Rawson Elec. Inst. Co 
BRIDGES, ELECTRICAL 
ity, Inductance, Kelvin 
Resistance, Temperature, 
Wheatstone, Percent 
Genera! Electric Co. 
General Radio Co 
Reller-Smith Co 
Shalicross Mfg. Co 
Thwing Instrument Co. 
CABLE TESTERS 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
CALORIMETERS 
American Meter Co 
Gaertner Scientific Corp. 
CAPACITANCE METERS 
General Electric Co. 
General Radio Co. 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
CARBON DIOXIDE 
METERS 


Brown Instrument Co. 
Foxboro Co 
CATHETOMETERS 
Gaertner Scientific Corp. 
CENTER POINTS 
Ford Motor Co 
CHRONOGRAPHS AND 
CHRONOMETERS 
Gaertner Scientific Corp. 
General Electric Co 
General Radio Co 
CLINOMETERS 
CLOCK S—Gage Board 
Brown Instrument Co. 
Bristol Company 
Foxboro Co 
Pioneer Instrument Co. 
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General Electric Co 
General Radio Co 
Roller-Smith Co 
Shallcross Mfg. Co 
Ward Leonard Elec. Co 
Westingt E.& M.t 

COIL TESTING EQUIP- 

MENTS 


Genera] Electric Co 
Kurman Electric Co 
Roller-Smith Co 
Thwing Instrument Co 
Westinghouse FE. & M.¢ 
COLORIMETERS 
Bausch & Lomb Opt. Co. 
General Electric Co 
Thwing Instrument Co 
COMBUSTION CONTROL 
EQUIPMENT 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Pioneer Instrument Co 
COMMUNICATION 
MEASURING 
INSTRUMENTS 
General Radio Company 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Shalicross Mfg. Co 
COMPARATORS 
Gaertner Scientific Corp 
General Electric Co 
COMPASSES 
Pioneer Instrument Co 
Taylor Instrument Cos 
CONDENSE RS—Electrical 
General Electric Co. 
General Radio Co 
Westinghouse E.& M.C« 
CONDUCTIVITY METERS 
indicating, Recording, 
Controlling 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
CONTOUR MEASURING 
PROJECTOR 
Bausch & Lomb Opt. Co 
CONTROLS, AUTOMATIC 
Combustion 
Bailey Meter Co 
Condensation 
Bristol Company 
Taylor Instrument Cos. 
Damper 
Bristol] Company 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Co 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Feed Water 
American Meter Co. 
Bailey Meter Co. 
Bristol Co 
Brown Instrument Co. 
Foxboro Co 
Filter Rate 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Flow 
American Meter Co 
Bailey Meter Co 
Brown Instrument Co 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos 
Humidity 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos 
Humidity & Temperature 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos 
Wilbin Instrument Co 
Lighting 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
Liquid Level 
American Meter Co 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Co 
Taylor Instrument Cos. 
Pressure & Vacuum 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Wilhin Instrument Co. 
Pyrometer 
Bailey Meter Co 


Taylor Instrument Cos 

Thwing Instrument Co 

Wilbin Instrument Co 
Rate- Volume 

American Meter Co 


Foxboro C¢ 
Refrigeration 
Bristol Company 


srown Instrument Co 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
Wilbin Instrument Co 
Specific Gravity 
Bailey Meter Co 
Tachometer 
sailey Meter Ce 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Pioneer Instrument Co 
Westinghouse E.& M.¢ 
Weston Elec. Inst. Corp 
Temperature-Time 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
1. P. Friez & Sons, Inc. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Thermometer 
Bailey Meter Co 
Bristol Company 
Brown instrument Co. 
Foxboro Co 
| P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Wilbin Instrument Co. 
Thermostat 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
|. P. Friez & Sons, Inc. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Wilbin Instrument Co. 
Time 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Vacuum 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos 
Valve—Motor - Operated 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Voltage A. C. 
Ward Leonard Elec. Co 
Water Level 
American Meter Co 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc 
Pioneer Instrument Co 
Taylor Instrument Cos. 
COUNTERS—Magnetic 
Thwing Instrument Co. 
Revolution 
Bristol Company 
Brown Instrument Co 
Pioneer Instrument Co. 
Stroke 
Bristol Company 
CUBIC FOOT BOTTLES 
American Meter Co 
CURRENT RECORDERS 
Bristol Company 
General Electric Co. 
Roller-Smith Co. 
CYCLE CONTROLLERS 
Bristol Company 
CYCLE COUNTERS 
General Radio Co. 
Westinghouse E.& M.Co 
Taylor Instrument Cos 
DEMAND METERS 


Gas 
Forboro Co 
Electric: Indicating, Re- 


cording, Printing 
General Electric Co 
Westinghouse E.& M.Co 
DIMMERS 
Ward Leonard Elec. Co. 
DIVIDING MACHINES 
Gaertner Scientific Corp 
DRAFT GAGES—See Gages 
DYNAMOMETERS 
General Electric Co 
Rawson Elec. Inst. Co 
Weston Elec. Inst. Corp 
EARTH CURRENT 
METERS 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 


ELECTRIC TELEMETERS 
—See Remote Metering 
Equipment 

ELECTRIC WAVE 

FILTER SECTIONS 
General Radio Company 

ELECTRONIC METERS 
Genera! Electric Ct 
Genera! Radio ¢ 
— Elec. Inst. Co 

& M.¢ 

FAULT FINDERS 
Roller-Smith 
Weston Elec eae Corp 

FIELD RHEOSTATS 
Ward Leonard Elec. Co 

FLASH & BURNING 

POINT TESTERS 
Taylor Instrument Cos 

FLOW METERS 

Indicating 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrument Co 
Pioneer Instrument Co 
Taylor Instrument Ce 

Indicating & Recording 
American Meter Co 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrument Co 
Foxboro Co 
Pioneer Instrument Co 
Taylor Instrument Cos 

Integrating & Recording 
American Meter Co 
Taylor Instrument Cos 

FLUE GAS ANALYZERS 
Brown Instrument Co 

FLUXMETERS 
Rawson Elec. Inst. Co 

FOLDING. ENDURANCE 

TESTERS 
Testing Machines, Inc 

FOOT-CANDLE BEveRs 
Westinghouse E.& \ 
Weston Elec. Inst. om 

FREENESS TESTERS 
Testing Machines, Inc 

FREQUENCY METERS 

Indicating 
General Electric Co. 


Foxb { 

Taylor Inst ent ( 
Rain 

LP Z 1s 

Tay In trument ¢ 
Recording—Distance 


¥ Fri ex & Sons, Inc 








Vacuum 
General 
Taylor 

Volume 





American Meter C¢ 
3rown Instrument ¢ 
Foxboro Cc 





1. P. Friez & Sons. Inc 
Taylor Instrument ¢ 
i“ BLOCKS 

wd Motor ¢ 
ACCESSORIES 


GALVANOMETERS 
American Meter Co 
Brown Instrument Co. 
General Radio Co 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Taylor Instrument Cos 
Thwing Instrument Co 
Westinghouse E.& M.¢ 
Weston Elec. Inst. Corp 


INTES METER« 


KEYS A SW 
rer 
LABORATORY APPaRATy 
Fish-§ 4 y 


LABORA Y RHEO 











FUSE 


Mirrors STA 
Fish-Schurman Corp Gens ’ 
GAS ANALYTICAL Ward E “ 
METERS LACTOMETERS 
Electrical Tay 
Brown Instrument Co LENSES 
GAS FLOW INDICATORS Bau 
American Meter Co LEVELS 
George Sidney Binckley Enginee Wye. Precis 
GAS LEAK INDICATORS Prism 
Taylor Instrument Cos Tay 
Instrument Fuses, also Auto, Radi g tage | 
Airtraft, Neon Potential Fuses a ators | 


Send for cata! | 
LITTELFUSE LABORATORIES | 


4513 Ravenswood Ave. 


Chicage, ill 





Roller-Smith Co. 


Westinghouse E.& M.¢ 
Weston Elec. Inst. Corp. 
Recording 


Bristo] Company 
General Electric Co 
Westinghouse E.& M.¢ 
Standards 
General Kadio Co. 
FRITTED GLASS 
Fish-Schurman Corp. 
FURNACE CONTROLS 
Bailey Meter Co. 
Bristol] Company 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
GAGES 
Absolute Pressure 
American Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos. 
Differential Pressure 
Bailey Meter Co. 
George Sidney Binckley 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co 
Taylor Instrument Cos. 
Draft 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
Drill 
Bausch & Lomb Opt. Co. 
Flew 
American Meter Co 
Bailey Meter Co. 
George Sidney Binckley 
Brown Instrument Co 
Liquid Level 
American Meter Co. 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Inc 
Pieneer Instrument Co 
Taylor Instrument Cos. 
Paper Thickness—Con- 
tinuous 
Thwing Instrument Co. 
Pressure 
American Meter Co 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos. 
Pressure- Temperature 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Pressure & Vacuum 
Bailey Meter Co 
Bristo] Company 
Brown Instrument C< 


GAS-METERS 
American Meter Co. 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrufhent Co 
Foxboro Co 
Dry Test 
American Meter Co 
West Test 
American Meter Co 
GOVERNORS 
Pressure 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Taylor Instrument Cos. 
Pump 
Bailey Meter Co 
Taylor Instrument Cos. 
GRAVITOMETERS 
American Meter Co 
George Sidney Binckley 
Thwing Instrument Co 
GROUND DETECTORS 
Roller-Smith Co 
Weston Elec. Inst. Corp 
HARDNESS TESTERS 
Testing Machines, Inc. 
HIGH FREQUENCY 
APPARATUS 
General Radio Co. 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
HIGH VOLTAGE 
indicators 
Roller-Smith Co 
Shallcross Mfg. Co 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
Measuring Devices 
General Electric Co. 
Roller-Smith Co. 
Shallcross Mfg. Co. 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
Testing Devices 
General Electric Co. 
Westinghouse E.& M 
HOUR COUNTERS 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
HUMIDITY CON- 
TROLLERS 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
Wilbin Instrument Co. 
HUMIDITY RECORDERS 
Wet & Dry Bulb 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J.P. Friez & Sons, Inc 
Taylor Instrument Cos 
Thwing Instrument Co 
HYDROMETERS 


Taylor Instrument Cos 


ee . SOURCES 


A 
LIQUID LEVEL 
RECORDERS 
Amer M 
Bailey M 
George 8 
Brist any 
Brown I men 
Foxb 


Taylor | r 
MAGNETIC iNSPECTOM 
Kurman Ele Co 
MAGNETIC RELAYS 
= & Sons 
Kurman Electr 
Roller-& h ( 
Ward Leona 
MAGNETOMETERS 
Roller-Smith ¢ 
MANCMETERS 
Bailey Meter 


MASTER Cl 
Gaertne 
Genera! ! 

MEGOHMMETERS 
Gene R 
Roller- 

MEGOHM VOLTMETERS 


OcKs 


KR 
West 

MICROAM METERS 
Genera 


Westing E.& M 


AD METERS 


MIGROS 9 


Metallogra 
Baus 

Petrograp’ 
Baus 

MICROTOS 
Baus 


MILLIAM ERS 











RY APPARAT 


TORY RHEQ 
. EQ 


1ES 
hicage, tll 


)URCES 


EVEL 
RDERS 
Meter 


rument Coa 

> INSPECTOM 
ectriec Co 

> RELAYS 

% & Sons, Ine 








OLTMETERS 
«<. Inst. Corp 
evens 

me ¢ 
" E.& M 


Inst. ( 


METERS 


Ir 
RS 
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RCA Cathode Ray Oscillograph, Stock 
No. 9545, $84.50 complete with all tubes 





X-RAY hd 
YOUR ENGINEERING 
PROBLEMS = =—si(<éiéséi 


Increasing use of the Cathode Ray Oscillograph in radio 
work has made it possible tor us to produce ah instrument 
in volume sufficient to set the price at the remarkably low 
figure of $84.50, complete with tubes. At such a price 
the RCA Cathode Ray Oscillograph is well within. th 
reach ot the most modest budgets 


SPECIFICATIONS 


Sensitivits 20-100,000,000 ecyeles, 27.0 volts 
RMS for 1 inch deflection, 74.0 volts RMS tor 
full screen image; 20-90,000 cycles, 0.7 volts 


RMS for 1 inch deflection, 1.9 volts RMS fe 
full screen deflection. 


Amplifiers are flat between 20 and 90,000 evel 

plus or minus 10%, with a gain of 40. Integral 
timing frequency oscillator, range 20 to 15,000 
cycles, permitting examination of a single c 

ip to 15,000, or of six eveles at 90,000 evecle 


Provision is made tor use of an external tim 


Trequency oscillator it desired 


Complete, portable, AC-operated 
- 


Wherever ele trical currents are st id ed. wherevey 
nomena can be interpreted electrically, the oscillograph 
& 


1 y j 
a great aid. Write us about your production and eng 


neering problems and let us tell you how the Oscillograp! 


-can help you. Write to Dept. IN) for comprehens 


treatise and instruction book. 


OSCILLOGRAPH 


RCA Parts Division, RCA Manufacturing Co., Inc. 
Camden, NW. J. 


1 subsidiary of Radto Corporation of America 
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MILLIVOLTMETERS 
Brist Company 
Brown Instrument Co, 
General Electric Co 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Taylor Instrument Cos. 
= wing Instrument Co 
e E.& M.Co 
Westo1 n Elec. Inst. Corp 
MIRRORS 
Bausch & Lomb Opt. Co 
MODULATION METERS 
General Radio Co. 
“ ! ise BE. & M.Co 
Weston Elec. Inst. Corp 
MOISTURE METERS 
MOTION RECORDERS 
Mechanical 
Bri tol Company 
Foxboro Co. 
moToR. GENERATORS 
Holtzer-Cabot Elec. @o. 
We nghouse E.& M.Co 
MOTORS 
Special Fractional HP 
— zer-Cabot Elec. Co. 
nghouse E.& M.Co. 


a a 
Holtzer-¢ abet any Co. 
Ww nghou M.Co 


at de ty STARTERS 
P. Friez & Sons, Ino. 
Rolies Smith Co 
Ward Leonard Elec. Co. 
Wi nehouse E.& M.Co 
MULTIMETERS 
Rawson Elec. Inst. Co. 
Shallcross Mfg. Co, 
MULTIPLE PEN 
RECORDERS 
Bristol] ¢ ompany 
Foxboro Co 
MULTIPLIERS 
Genera! Electric Co. 
Roller-Smith Co. 
Weston Elec. Inst Corp. 
NOISE MEASURING 
SETS 


Genera! Radio Co. 
Westingho E.& M.Co 
OHMMETERS 
General Electric Co 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Shallcross Mfg. Co 
We tinghouse E.& M.Co 
Weston Elec. Inst Corp. 
OIL TESTING 
APPARATUS 
J. P. Friez & Sons, Inc 
General Electric Co 
Taylor Instrument C x 
Westinghouse E.& N 
OPERATION RECORDERS 
J. P. Friez & Sons, Inc. 
Roller Smith Co 
Electrical 
Bristol Company 
Bre wn Instrument Co 
roxrboro Co 
Roller Smith Co 
Taylor Instrument Cos 
Thwing Instrument Co 
OPTICAL FILTERS 
Fish-Schurman © ‘orp 
OPTICAL GLASS 
Fish-Schurman C orp 
OPTICAL PARTS 
Bausch & Lomb Opt. Co 
Gaertner Scientific C. orp 
ORIFICE METERS 
Indicating & Recording 
American Meter Co. 
Bailey Meter Co 
George Sidney Binc kley 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument 
Integrating 
American Meter Co 
Taylor Instrument C 
ORIFICES, ADJUSTABLE 
American Meter Co 
Bailey Meter Co 


Cos. 


OSCILLATORS 
General Radio Co 
Westinghouse E.& M.Co 
Weston Elec. Inst Corp 
OSCILLOGRAPHS 


General Electric Co 
Jeneral Ra lio Co 
We 


eE.&M.C 
Automatic 
General Electric Co 
Westinchouse E.& M.Co 


Cathode Ray 
General Electric Co 
General Re adio Co 
Westinghouse K.& M.Co 
PANTOG RAPHS 
Gaertner Scientific Corp 
PERISCOPES 
Gaertner Scientific Corp 
PERMEAMETERS 
General Electric Co 
PHOTO-ELECTRIC CELLS 
General Electric Co 
Kurman Electric Co 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp 
PHOTO-ELECTRIC 
COLOR ANALYZERS 
General Electric Co 
Thwing Instrument Co 
Westingh« 1. & M.Co 


use I 


PHOTO-ELECTRIC 


COLOR COM.- 
PARATORS 
General Electr ( 
= “ ng Insti a Co 
& M.¢ 


PHOTOGRAPHIC EXPOS- 
URE METERS 
We nghouse E.& M.¢ 
Weston Elec. Inst. Corp 
PHOTOMETERS 


— & Lomb Opt. Co 

Gaertner Scientific Corp 

PHOTO. MICROGRAPHIC 
a & pl 


1 Lamb Opt. Co. 
PITOT TUBE METERS 
George Sidney Binckiey 
Br ywn Instrument Co 
F 





Pi meer Instrument Co 
PLANIMETERS 
Automatic Flow Record 

grown Instrument Co 

Foxboro Co 
Linear 

Brown Instru 
Radial 

Bailey Meter Co. 

Bristol Company 

Foxboro C¢ 
Square Root 

George Sidney Binckley 

Foxboro C« 
POLARISCOPES 

Gaertner Scientific Corp 
POSITION RECORDERS 

Brown Instrument Co. 

Bristol Company 

Foxboro Co 

Taylor Instrument Cos 
POTENTIOMETERS— 
Indicating 

Brown Instrument Co. 

General Electric Co 

Thwing Instrument Co 

Westinghouse E.& M.Co 
Recording & Controlling 

Brown Instrumegt Co 

Thwing Instrument Co 
POWER FACTOR METERS 

General Electric Co. 

Roller-Smith Co 

Westinghouse E.& M.Co 

Weston Elec. Inst. Corp 
PRESSURE RECORDERS 

American Meter Co 

Bailey Meter Co 

George Sidney Binckley 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Taylor Instrument Cos 
PRISMS 

Gaertner Scientific Corp. 
PROCESS TIMING & 

SIGNALING IN. 
STRUMENTS 

Bristol Company 

Brown Instrument Co 

Foxboro Co 

Taylor Instrument Cos. 
PROVERS 

American Meter Co. 
PSYCHROMETERS 
Recording 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 


ment Co. 


J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Sling 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
PYROMETERS 
Optical 


Pyrometer Instrument Co 
Radiation 

indicating 

Brown Instrument Co 

Pyrometer Instrument Co 

Taylor Instrument Cos. 

Thwing Instrument Co. 

Recording 

Brown Instrument Co. 

Pyrometer Instrument Co. 

Taylor Instrument Cos. 

Thwing Instrument Co. 
Thermo-electrie 

immersion 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Pyrometer Instrument Co 

Roller-Smith Co 

Taylor Instrument Cos 

Thwing Instrument Co. 

Wilbin Instrument Co. 

Indicating 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Taylor Instrument Cos. 

Thwing Instrument Co 

Wilbin Instrument Co 

Recording and Controlling 

Bristol Company 

Brown Instrument Co 

Foxboro Co 

Taylor Instrument Cos. 

Thwing Instrument Co. 

Wilbin Instrument Co. 

Surface Contact 

Bristol Company 

Brown Instrument Co 

Pyrometer Instrument Co. 

Taylor Instrument Cos 

Thwing Instrument Co 


PYROMETER CALI- 
BRATING SETS 
Thwing Instrument Co 
oe TUBES 

ometer In ument Co 
RADIO ‘FREQUENCY 
eat ne yt 


General Company 
RADIO. “SET ‘ANALYZERS 
Weston El Inst. Corp 
RADIO "TEST. PANELS 

Shalicross zg 
Weston Ele Inst. Corp 
RADIO TUBE CHECKERS 
Weston E Inst. Corp. 
REGULATORS—See 
= 
RELA 
J.P riez & Sons, Inc. 
General Electric Co 
K in Electric Co 
Roller-Smith ¢ 
Ward-Leonard Elec. Co 
Westing! E.& M.Co 
Weston Elec. Inst. Corp. 
Light Sensitive 
Kurman Electric Co. 
Roller-Smith Co 
estinghouse E.& M.Co 
Weston Elec. Inst. Corp. 
REMOTE METERING 
EQUIPMENT 


American Meter Co. 

Bailey Meter Co 

Bristol Company 

trown Instrument Co. 

General Electric Co 

Pioneer Instrument Co 

Westinghouse E. & M.Co. 
RESISTORS 

General Radio Co 

Roller-Smith Co 


Shallcross Mfg. Co 

Ward Leonard Elec. Co 

Westinghouse E.& M.Co. 
RETICLES 

Fish-Schurman Corp 
RHEOSTATS 


General Radio Company 
Ward Leonard Elec. Co 
Westinghouse E.& M.Co 
SACCHARIMETERS 
Taylor Instrument Cos. 
SCALES 
Gaertner Scientific Corp. 
Basis Weight 
Testing Machines, Inc. 
Thwing Instrument Co 
Differential 
Thwing Instrument Co 
SHUNT METERS 
Bristol Company 
Roller-Smith Co 
SCRIBERS 
Ford Motor Co 
SHUNTS 
General Electric Co 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp 
SIGNALING DEVICES— 
Automatic 
Bristol Co 
Brown Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Co. 
SINE BARS 
Ford Motor Co 
SMOKE ALARMS 
Weston Elec. Inst. 
SPECIAL COILS 
Ward Leonard Elec. Co. 
SPECIAL ELECTRICAL 
INSTRUMENTS 
Bristol Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc 
General Electric Co 
General Radio Co 
Kurman Electric Co 
Pioneer Instrument Co. 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Shallcross Mfg. Co 
Thwing Instrument Co. 
Westinghouse E.& M.Co 
Weston Elec. Inst. Co 
SPECIAL INSTRUMENTS 
J. P. Friez & Sons, Inc. 
Roller-Smith Co 
Thwing Instrument Co. 
SPECTROGRAPHS 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp 
SPECTROMETERS 
Bausch & Lomb Opt. Co 
yaertner Scientific Corp 
SPECTROPHOTOMETERS 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp 
SPECTROSCOPES 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp. 
SPEED INDICATORS 
See Tachometers 
SPEED RECORDERS 
Bristol Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc. 
Thwing Instrument Co 
SPEED REGULATORS 
Ward Leonard Elec. Co. 
STANDARD CELLS 
Weston Elec. Inst 
STRAIGHT EDGES 
Ford Motor Co 


Corp. 


Corp. 





cAnl mproved : 


Claud 8. Gordon 


Co., 


-- CONSTANTAN 
THERMOCOUPLE WIRE 


Chicago—Cleveland—Indianapolis 





NSTRUMENTS 


Page 
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STRAIN GAGES 
General Elec ( 
STROBOSCOPES 
General Rad ( 
We ‘ & M.¢ 
SUNSHINE RECORDERS 
Friez & Sons, In 
Tari or Instrumen 
SURGE INDICATORS & 
R 


COR hte 
General Elect eC 
n & M.¢ 
SYNCHRONOSCOPES 
oller h 
West ng se & M.¢ 
Weston E Corp 
SYNCHRONIZATION 
FORKS 
Electrical 
General Radio Co 


SYNCHRONOUS MOTORS 
General Electric Co 
Pioneer Instrument Co 
Westinghouse E.& M.Co 

TACHOMETERS 
Bailey Meter Co 


Bristol Company 
Brown Instrument Co 
Foxboro Co 


Pioneer Instrument Co 
Roller-Smith Co 
Thwing Instrument Co 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp 

TACHOSCOPES 
Brown Instrument Co 

TELEMETERS—See 
Remote Metering 

TELESCOPES 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp 

TENSOMETER (Huggen- 

burger) 

TESTING MACHINES 
Testing Machines, Inc 
Thwing Instrument Co 

Bending 
Testing Machines, Inc 

Hardness 
Testing Machines, Inc 

Impact 
Testing Machines, Inc 

Impact (very light load) 
Testing Machines, Inc 
Thwing Instrument Co 

Magnetic 
Kurman Electric Co 

Paper 
Testing Machines, Inc. 
Thwing Instrument Co 
Westinghouse E.& M.Co 

Penetration 
Thwing Instrument Co 

Stiffness & Bending 
Testing Machines, Inc 
Thwing Instrument Co 

Stretch 
Testing Machines, Inc. 
Thwing Instrument Co 

Tearing 
Testing Machines, Inc 
Thwing Instrument Co 

Tensile (very light load) 
Testing Machines, Inc, 
Thwing Instrument Co. 

Universal 
Testing Machines, Inc 

THERMIONIC RECTI- 

FIERS 
General Electric Co 
Westinghouse E.& M.Cc 
THERMO-JUNCTIONS 
(Electric) 
General Radio Co 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Wilbin Instrument Co 
THERMO-VOLTMETERS, 
AMMETERS 
General Radio Company 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Weston Elec. Inst. Corp 

THERMOMETERS 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 

Gas Filled 
Foxboro Co 
Taylor Instrument Cos 

Mechanical 
Brown Instrument Co. 
Foxboro Co 

Mercurial 
Bristol Company 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos 

Resistance 
Brown Instrument Co. 
Foxboro Co 
Thwing Instrument Co 

Vapor-Tension 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos. 

Wet & Dry Bulb 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos. 
Thwing Instrument Co. 

THERMOSTATS 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos 
Wilbin Instrument Co 

THERMOSTATIC 

BIMETAL 
W. M. Chace Valve Co 

TIME METERS 
yeneral Electric Co 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 


TIME OPERATION 
RECORDERS 
F ; | Company 
& Sons, In 
TIME RECORDERS 


pany 


5 NI ‘on trument ( 

Foxboro C 

Gaertner Scientific Cory 
TIME SWITCHES 

Genera! Electric ) 

Westinghouse E.& A.( 
yan 

iwson E] Inst. Co 


TIMING DEVICES 
General Electric ¢ 
TOTALIZING 
INSTRUMENTS 
American Meter Co 
General Electric ¢ 
Westinghouse E.& M.( 
TOTALIZING RELAYS 
are 
General Electr Co 
TRAM rth 
Ford Mo ( 
TRANSFORMATION 
POINT RECORDERS 
Brown Instrument Co 
TRANSFORMERS 
(Instrument) 
General Electric Cc 
General Radio Co 
Roller-Smith C 


Westinghouse E. & M.¢ 
Weston Elec. Inst. Corp 
TRANSITS 
Pocket 


Taylor Instrument Cos 
TUNING FORKS— 
Electrically Driven 

Gaertner Scientific Corp 

General Electric Co 

General Radio Co 
TURBIDIMETERS 

Bausch & Lomb Opt. Co 
U-TUBE MANOMETERS 

sailey Meter Co 

Brown Instrument Co 

Taylor Instrument Cos. 
VACUUM RECORDERS 

Bailey Meter Co 

George Sidney Binckley 

Bristol Company 

Brown Instrument Co 

Foxboro Co 

Taylor Instrument Cos 
VACUUM TUBE BRIDGES 

General Radio Company 
VACUUM TUBE RELAYS 
VACUUM TUBE 

VOLTMETERS 

General Electric Co. 

General Radio Co 

Rawson Elec. Inst. Co 
VALVES 
Automatic Shut-Off 

Bristol Company 

Brown Instrument Co 

Foxboro Co. 

Taylor Instrument Cos 

Wilbin Instrument Co 
Back Pressure 

American Meter Co 
Balanced 

Bailey Meter Co 

Brown Instrument Co 

Foxboro Co 

Taylor Instrument Cos 
Blow-off 

American Meter Co 
Diaphragm 

Bristol Company 

Foxboro Co 

Taylor Instrument 
Differential 

American Meter Co. 


Cos 


The mioni 


Roti 


G 
WATER METERS 


WATTMETERS 
Indicatir 
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Review of Scientific Instruments 
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Thwing Instrument Co. 
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New OSCILLOGRAPH ASSURES 


ae COMPLETE RECORDS 


+. Simultaneous Viewing Screen 
with Cover ¢ losed. 
o?¢ Me ee? . 


Calibration 
Hindou 
Can Be 
Removed lo 
Permit l 

ing EFeaulm 


Holder 
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MMETERS 









Light Source Uses Automo- 
















ETERS i 
, bile Type Lamps... E-cono- 
mical and Easy to Obtain. 
Qg 
| Various Control Panels That Are 
q Quickly and Kasily Interchanged 
I . Make Possible the Obtaining of {ny 
Ose illographic Records. 
ic Rectifi 
R 
METERS 
UR METERS 
OU can make complete oscillograms anywhere, at 

TERS q . . . : e 
ss ' any time with the new Westinghouse PA Universal 
I . . e 

Qseillograph. And as your oscillography require- 
j ° 

ments become more complex there is no need to drop 
the use of the instrument entirely or to purchase a 
reas - complete new Oscillograph. 





-ECTROMETER! 


JUST A FEW OF THE MANY ADVANTAGES 
OF THE PA UNIVERSAL OSCILLOGRAPH ARE: 





You ean buy the PA complete . . . or just its main 






ease with only the controls and galvanometers nec- 





g SIMULTANEOUS VIEW ING—The actual phenomena 





can be seen on a sereen—even while photo- 





NDEX essary for present requirements. ‘Then, as your 






graphing. 






requirements change and grow, other controls and 





2 TWO-HUNDRED FEET OF FILM OR SENSITIZED 
PAPER can be held in the film holder—eut off for 
any desired exposure without disturbing supply. 





valyvanometers can be obtained and installed in the 






original ease. ‘Thus, with only a modest initial out- 





sg REMOVABLE resistance, current, and transformer 






lay you can have an adequate oscillograph available at 





control panels. 















































all times without the pur- 
21 ; I nT R 57030 4 INTERCHANGEABLE galvanometers and vibrators. 
de front cover : chase of equ i ymer O CC- \ I 
if quuy uw not n wy : IM! y, = TWIN GALVANOMETERS with external adjust- 
A ) , «> 
2 essary to your present re- ments, 
A : quirements, @ SEEPAGE-PROOF galvanometers; fuse protection; 
rT and automobile-type lamps for light source. 
7 WIDE RANGE of film speed assured by a variable 
METERS y | — speed, governor-controlled motor. 
ts Div INSTRUMENTS ONE-HALF CYCLE starting time for automatic PA. 
OPERATES from either 120 volts a-e. or 6-10 
hack 10 ONE TO EIGHT records can be obtained. 











BRISTOL'S , = FLOW METER 


for recording, controlling, integrating and 


indicating flow of steam, gases and liquids 





Inside view ot Bristol’s Integrating Flow Meter, Model 1140 MF, Bristol’s Flow Meter, Model 1140 M. For panel board or pipe 1 ting 
showing integrating mechanism for total flow; and recording systems 
for rate of flow, pressure and temperature. 


Employing the widely accepted ori- or mechanical. The stuffing box is IMPORTANT FEATURES 
fice and mercury manometer system of hardened stainless steel. wd Unique means for checking inte 
of flow measurement, this new packed, it is absolutely leak-tight. grator — Leak- 


Bristol’s meets the needs of in- : s ; 
; f Check valves, operating by gravity, tight stuffing box 
dustry for a rugged, accurate anc . one ; ‘ons ; 

bes" prevent the loss of mercury. A bearing — Forged 








FA: we ie wee bushing, inserted in the line be- steel mercury 

paren ve ig re a ae’ tween the two chambers, dampens chambers—W eld- 

pie a _— 9 2 ET - elias the effects of pulsations. Meters for ed joints —Ac- 

eS es ee working pressures of 1000 Ibs. are curacy unaffected i 

Meter body is of forged steel, with tested at 2000 lbs. Special bodies by changes in }, 

stainless steel parts inside mercury tested at 5000 Ibs. are available for mercury volume. 

chambers. Connections are welded working pressures up to 3000 lbs. Write for descriptive Bulletin 425 
THE BRISTOL COMPANY a ~ WATERBURY, CONNECTICUI 
Branch Offices: fkron + Birmingham + Boston + Chicago + Denver - Detroit - Los Angeles + New York + Philadelphia 

St. Louis + San Francisco - Canada: The Bristol Company of Canada, Ltd., Toronto, Ontario England: Bristol's Instrument Co., Limitec 
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TRADE MARK REG US. PAT. OFF 


PIONEERS IN PROCESS CONTROL SINCE 37 | 





